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Io Introduction

This memorandum presents a summary of the results of a feasibility study

regarding a Mariner B probe which may be launched late _n 1964 to gather

scientlfic data abeut the planet Mars during a close fly-byo The major

part of this study has been devoted to an iu_Lc_::_c::t:it_._n capsule which

would be carried by the spacecraft to a point about 200,000 miles from

the planet, and then propelled into a new trajectory which wouh! allow

the capsule to penetrate the atmosphere and ultimately land in a sub-

solar equatorial region. Two kinds of capsules have been considered,

one of which permits survival of the capsule after impact. The general

purpose of the capsule is to gather scientific and engineering data about

the Martian surface and atmosphere, and data about the space enviroru_ent

in the vicinity of the planet. Such information would not be available

to the unaided spacecraft and would help to insure the success of future

e_ploratory missions. Following this summary is a set of eight appendices,

each of which is an informal collection of technical memoranda which dis-

cuss a major area of interest i_i the study° Throughout the suI_uary, a

superscript notation such as (B-14) will be used to indicate, for example,

that reference is being made to Appendix B, page 14.

The study which will be sulmuarized here is definitely not intended to

constitute a proposal to design _r build the capsule, nor should it be

interpreted as a preliminary design because most of the technical inves-

tigations are cursorv ones which include little in the way of detailed

optimization. The investigations have been carried far enough, however,

to conclude that at least one of the Mariner B spacecrafts should carry

a capsule for atmospheric penetration, and that there is considerable

assurance of a valuable and successful capsule mission which will !lot

endanger the simultaneous success of the spacecraft mission itself. Hence

a detailed description of a possible capsule mission will be given here,

along with a delineation of event sequence, instrumentation, and capsule

configuration. Certain capabilities of the spacecraft, which were not

known during this study, may dictate major changes in the capsule design;

thus the following discussion ouly constitutes a teiitative capsule design

and associated mission oLjcctives.
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2o Capsule Hission (General)

During this study there has been considerable discussion among the various

investigators as to what the scientific objectives of the entrv capsule

might be (G-16 to G-35) Of course the opinions are dependent upon whether

or not the capsule is to survive the impact on the Martian surface. The

following represents a consensus concerning the capsule objectives:

(a) To measure magnetic fields and radiation belts, if any, in tile

region up to a few hundred miles above the atmosphere°

Co) To obtain photographs at altitudes ranging from points near the

surface to points in the high atmosphere°

(c) To obtain data about the atmosphere o.o pressure, density, and

temperature, as functions of attitude, as well as information

about gaseous constituents.

ta_._ To_ measure diurnal temperature variations and search for the

existence of Life fot-m_ at th _ planet surface°

These objectives are all useful in insuring the success of future Mars

missions, but it is difficult to say which ones are the-'_ost important

without some sort of differentiation between purely scientific value

and political propaganda value°

Several of the objectives li_ted above can be attained by the spacecraft

alone, regardless of whether or not it carries an entry capsule. It can,

for example, carry a spectrophotometer with which to investigate the

existence of vegetation on the planet. It can also measure emission and

absorption spectra of the stratosphere, thereby determining informatilm

regarding the gaseous constituents in the high-altitude part of the atmos-

phere° Radiometric measurements could provide surface temperature data,

and photographs could be taken at ranges down to a few thousand miles

from the surface° Also the spacecraft would be capable of gatheri;_g large

amounts of data regarding the Earth-to-Mars iT_terplanetary envirolmmnt.

But if the spacecraft were designed to carry an instrumentation capsule,

considerable enhancement of the data-gathering capability would be made

possible. Naturally the additional data would depend upon the type of

capsule carried_ In this study, two major types of capsule have been

considered° One, which shall be called the L\T (Land And Terminate) cap-

sule, gathers, and transmits to the spacecraft, data describing radiation

belts and magnetic fields, while ou its way toward the pl_inet; euters the

atmosphere from which it transmits drag deceleration data, altimeter data

and information about the atmospheric profile; sends information gathered

from several vidicon pictures taken at altitudes reached after undergoing

peak deceleration and heating; and finally impacts on the Martian surface
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where its useful life euds_ This is the capsule to which most of the
attention is devoted in this sur_:larv_ Auother type of capsule which
has been given lesser consideration will be called the LAS (Land And
Survive) capsule. This one differs from the LAT capsule in that it
deploys a parachute at an altitude of roughly 50,000 feet, and then
descends to a relatively soft landing on the surface where it can con-
tinue, for a few hours, to gather and transmit information (at fairly
low data rates) about the planetary environment and provide a picture
taken from very low altitude.

Oneobvious advantage of the LAT capsule is that it is not dependent
upon the successful deploy_neutof a parachute in an atraosphere which
is not well defined at this time. (I-12 and 1-16) Thus the weight con-
tributed by the chute and associated deploymetlt hardware can either be
eliminated completely, or can be allotted to additional systems for
scientific measurements. The major disadvantage, however, lies in the
relatively high velocities experie_Iced by the capsule duriug the ter-
minal portion of atmospheric descent, makin_ the determination of a
static tempetdt_;re pr_file of the at_uospherevirtually impossible and
complicating measurementsof at:nosphe_iu dcnsi_v and pre_;sure as func-
tions of altitude_ It is easier for the measurementsto be made_ith
the LAS capsule, which is capable of obtaining pictures from altitudes
of a few hundred feet and transmitting the picture data to the space-
craft before landing if necessary. Although it is not coulpletely clear
that one capsule type is preferable to the other, there is little doubt
that one of the two, by virtue of its penetration of the atmosphere ai_d
its ulti_nate proximity to the surface of the planet, can makevaluable
scientific and engineering measurementsthat could not be madefrom
the spacecraft itself.

3. Specific Outline for a Possible Capsule Mission

Since we have been given very little a priori inforraation regarding

engineering constraints which may be imposed on the capsule by the

spacecraft, such as weight, volume, allowable data rates and so forth,

any specific capsule mission which we describe luust necessarily involve

some guesswork° Hence the mission outline which follows can only be a

description of a mission which _ be attempted, if a number of assump-

tions are found to be valid. These assumptions are.

l) The spacecraft and capsule will be on a fly-by trajectory prior to

separation. The approach velocity and altit,_de of closest approach

to Mars will be 4-6 Mu/sec (B-I) and 6000-10,000 Mn, respectively,

depending upon the geocentric launch energy and guidance errors.

2) The weight and ballistic _1odulus of the capsule will be W = 300 ibs

and M/CDA = i, respectively° The latter value is a compromise (C-I)

between high capsule velocities ii_ the atmosphere and excessive

volume of the capsule.
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3) At about 320,000 km from Mars (or less, depending upon trajectory

errors) the spacecraft will orient the capsule so that it can be

propelled into the desired impact trajectory by a fixed velocity-

impulse provided by a solid-propellant capsule rocket motor.

4) The capsule velocity at time of entry into the atmosphere will not

exceed 26,000 ft/sec.

5) A gross knowledge of the temperature and density profiles of the

atmosphere is assumed°

6) A major objective of the capsule mission is to obtain pictures of

the planet's surface° Hence, the angle between the Mars-Sun line

and the local vertical at the impact point must be held within the

range 20-40 degrees°

7) To minimize the errors in location of the impact point, the entry

angle must be near vertical, in the range 75-105 degrees.(B-24)

8) No auxiliary drag devices will 5e employed.

9) The spacecraft will be able to receive, store and transmit to Earth

whatever data is transmitted by the capsule, whose useful life will

end upon impact° No constraint will be placed upon the data rate

that can be handled by the spacecraft's data storage system°

The capsule configuration chosen is a 300-pound, blunt-nosed i0 ° half

angle cone having a base diameter of 47 inches and a length of 38°5

inches.(H-I) This capsule has a ballistic modulus (M/CDA) of approxi-

mately one slug/ft 2. To provide adequate thermal protection during

atmospheric entry an ablative heat shield made of phenolic nylon, with

J-M/MIN-K2000 backup insulation, is provided. The following major com-

ponents then comprise this LAT capsule:

(a) Event timer

Co) A low-thrust, spin motor to provide post-separation attitude

stabilization of the capsule.

(c) Solid-propellant rocket motor to provide the fixed velocity

increment (approxi_nately 900 ft/sec) required to place the

capsule on the desired i,_pact trajectory.

(d) One accelerometer to measL, re longitudinal acceleration; and

another to measure the square of spin rate so as to monitor

spin-up and spin-down.
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(e) Magnetometerand charged-particle detector fc_r J_c:asuringMartian
magnetic field and "Van Allen' belts prior to at_:lospheric entry.

(f) A g-switch to signal atmospheric entry°

(g) A cageable gyro to measure atmospheric e_try angle and to provide
information regarding the trajectory of the capsule while in the
atmosphere.

(h) Spin-down yo-yo mechanismto insure capsule sta_,ility in the
atmosphere, and to facilitate taking pictures with reasonably long
e:cposure times°

(i) Instrunentation for determining at:nospheric pressure and density
after capsule velocity has beenreduced to about Mach I.

(j) A i00 Mc pulsed altimeter°

(k) Three vidicon ca_Leraswith appropriate color filters°

(i) Three wideband transmitters and data encoders to handle the vidicon
picture data.

(,n) A narrow-band transmitter for all other engineering and scientific
data, cormaencingwith capsule/bus separation°

(n) Antenna system.

(o) Power supply composedof chemical batteries and a dc-to-dc converter°

The event sequence associated with a I_T capsule having the components
listed above would then be similar to the following:

(I) Just before separation the spacecraft orients the capsule in the
direction required for launching into the desired impact trajectory.

(2) Turn-on is signalled for the capsule power system, the narrow-band
transmitter, the event ti:ner, the magnetometerand the charged-
particle detector°

(3) The spacecraft signals the beginning of separation at a time deter-

mined by its knowledge of the capsule's velocitv-i_pulse capability

and its computation of position and velocity relati:e to a Mars-

centered coordinate system.

A spring-actuated separation svste_:l imparts a small velocity _ncre-

ment (about one foot per second) to the capsuleo Event sequenciL_g

in the timer begins.
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(5) About two seconds after separation the event timer signals capsule

spin-up to about I00 RPM. The spin motors may possibly be canted

slightly to provide a larger linear velocity increment if further

investigation shows that this will cause no unfavorable interaction

with the spacecraft.

(6) Approximately _ minutes after separation the capsule will be suf-

ficiently far from the spacecraft (about 300 feet) to allow firing

of the main rocket. The firing signal will be delivered by the

event timer, and the rocket motor will continue to burn until its

propellant is exhausted.

(7) Immediately after burnout, the g-switch is ar_led in preparation for

signalling atmospheric entry.

(8) During the spacecraft-to-Mars transit (which will require between

15' a;_d 20 hours, depending on the velocity with respect to Mars at

time of separation) magnetic field and charged particle data are

transmitted from the narrow-band transmitter to the spacecraft°

(9) Capsule enters the atmosphere with a nominal entry angle (m,eas.red

between the velocity vector and the local vertical) of approximat-

ely 0 °. The force due to linear deceleration of the capsule

actuates the g-switch which signals atmospheric entry.

(10) Actuation of the g-switch simultaneously initiates several events_

uncaging and spin-up of the gyro; cutoff of power to the magnet-

ometer and charged-particle detector; and application of power to

the vidicons, wideband transmitters and altimeter.

(11) Immediately after gyro spin-up, the yo-yo spin-down mechanism is

actuated, reducing the angular velocity of the capsule from i00 RPM

to approximately i0 RPMo

(12) During the time from spin-down to impact, data from the acceler-

ometers and gyro pickoff will be transmitted from the narrow-band

transmitter to the spacecraft via antennas in the aft end of the

capsule.

(13) Approximately 40 second after atmospheric entry the capsule will

experience its maximum deceleration which may range from 40 g to

135 g at an altitude of approximately 150,000 feet. These numbers

are very dependent on assumed values of entry velocity, atmospheric

parameters, entry angle and so forth° At this time the angle-of-

attack envelope will be less than 5 ° and the capsule will move along

a trajectory that is essentially vertical° The output of the accel-

erometer aligned along the spin axis will be differentiated to deter-

mine the time at which peak deceleration occurs, and the accelerometer

output will be used to determi_ic the time at which the picture-taking

mission may be initiated with safcty.
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(14) Altitude data, which will become available at the time of peak

deceleration, will also be transmitted to the spacecraft from

the narrow-band transmitter. As soon as the capsule velocity

is sufficiently low (about Math I) the camera lens cover in the

capsule nose is blown off, and the access ports covering tile

atmospheric pressure - and density-:_leasuring instruments are

blown off to allow the beginning of the terminal instrumenta-

tion phase of the :nissiou.

(15) After removal of the lens cover and access ports, the event tiller

ilm_mdiately initiates the takil_g of color pictures (3 Si_l_lltal_-

eous vidicon pictures) of the Martian surface, produciag and £ra_is-

mitting the infor_lation regarding a single picture every six to

ten seconds up to ti._w of impact on the s,Irfacc° The picture data

and the data regarding atmospheric pressure and density _re fed

through a multiplexer, along with all other engineering az_d sci-

entific data, to a cow,talon transmitting antenna in the aft end of

the capsule

(16) Impact of the capsule on tii= _'iartinn surface terl_inates the mission°

A more detailed discussion of some of the details of the LAT Tlission des-

cribed above, such as the separation maneuver, trajectories, c_m_aunica-

tions and so forth appears in the followin!4 sections.

4. Capsule/Spacecraft Separation and the C.tpsule Approach Trajectory

In order to accomplish the picture-taki_g portion of the EAT capsule

mission, the capsule should separate from the spacecraft and move along

a trajectory which will allow it to Ji,lp,_ct i[_ a sub-solar equatorial

region, such that the angle hetwcen the Mars-_un line and the local verti-

cal is approximately _)s = 30o" This will assure well-illuminated pictures

with good contrast°

There are other requirements which must be considered° The line-of-sight

data transmission path bctweeL1 the capsule and spacecraft must not be

broken by the pla,let durii_g the ter_n_nal portion of atmospheric eutry.

The capsule propulsion requirements should be made as small as l_ossible_

Errors between the desired impact location and the actual i_pact location

should be minil_lized. ]'he total heat load due tc_ atnospheric penetration

should be minimized, and the separation maneuver [_ust be accomplished in

a manner which does not upset the spacecraft° After considering three

nominal capsule trajectories, we have chosen one (described below) which

is most likely to meet the above requirements°

It is assu_:md that the separation maneuw_r will be made at a dista_ce of

approxi;v_ately 3°2 x 105 km from Mars; th,_t the angle between the Mars-Su:_

line and the approach velocity vector V A is w_thin the range
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20 °_ J__ _ 40o; that the approach velocity has been measured by the

spacecraft, and is within the range 4 km/sec _ v. _ 6 km/sec; and that,
A

at a time just before separation, the spacecraft will be able to predict

its altitude of closest approach to the planet with an error no greater

than /Xh = 500 km. The expected altitude of closest approach is assumed

to be in the interval 6000 km _ h _ i0,000 kmo(B-2)

Just prior to separation the spacecraft will point the capsule in a direc-

tion that is roughly perpendicular to VA, but pointed slightly toward the

planet (about 20 ° off normal) to decrease the capsule's transit time and

to insure an unbroken communication path up to time of impact. If the

measured value of v A and the predicted value of h were both to have their

maximum expected values of 6 km/sec and I0,000 kin, respectively, then the

velocity change Vc, required to place the capsule on an approach trajectory

which would pass through the planet center, would also have a maximum value°

That is, v C ax = 0°28 km/seco (B-20) However, if either the predicted h

or the measure_ v A (or both) is reduced, then one of two corrections must

be made° Either v C must be reduced ur (if v C is not changed) the time of

separation must be delaye,1 bv an amount which is dependent on the pre-

dicted h and the measured VA_ In the mls_ion described here the latter

alternative has been selected. That is, the capsule will carry a _olid-

propellant rocket motor which produces a fixed velocity change of

0.28 km/sec, initiated about 5 minutes after separation° The five-minute

delay is necessary to assure that the capsule's rocket exhaust does not

disturb the spacecraft_ Thus the spacecraft will be required to provide

a signal at the computed time of separation°

The particular approach trajectory mentioned above has been chosen because

the smallest values of error in the impact location are associated with

ito (B-24)

On the following two pages a summary of typical weight and power require-

ments are shown, along with a tentative version of the structural details

of the capsule. Approximate physical parameters for a capsule of this

configuration are:

Roll moment of inertia

Pitch moment of inertia

Weight

Base diameter

Length

= 14.6 slug-feet 2
JR
Ip = 10.6 slug-feet 2

W = 300 pounds (including rocket

propellant)

d = 47 inches

L = 38_5 inches

Using these parameters it is concluded that approxim_tely 30 pounds of

solid propellant with an Isp of 280 seconds will produce the desired Vc,

using a rocket motor whose total weight is 36 pounds, including pro-

pellanto (H-13)
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Ablative Shield and Insulation

Aft Mounting RJ_.g and Closure Di_iphrag_

Conical Motor Support

Crossed-Slot Ant emma

Altimeter Antenna

Equipment Support Struct_res

Spin-Despin Mechanism

Cameras and C_Imera Contrul Units

Wideband Transmitters and Power A_nplifiers

Narrow-Band TransMittcr

Event Controller

Television and Telemetry Synchronizers and Enco{lers

C,Imera Control

Accelerometers and g-Switch

Gyro

Altimeter

Density and Pressure Sensors

Mass Spectrometer (includi_/g Electronics)

Magne tor,_e ter

Scintillation Counter (including Electr{nics)

Mu itip le:<er

Main Rocket Motor

Power Supply (including dc-to-dc Converter)

Total

II3 puunds

4

3

10

7

4

15

21

1).)

O i ,

6{_

1
"2

1

2

4

l0

6

4

4

3_,

26

301 pou:,ds



Z

£0

q d
w

"},.9 u')
0..

k_>



I

i.7. _" _ ">N

<_ _ < .<_. 7<` :-_........ _
l i+.,,,a.,_ t .i--I-_ _C93 j ---.. ,,

.- / .'_\ <_
' / /" 7. _<

/""X X _; -- h+7 ' "" I "5,

'., l
-_ t' 7 -- -; ' ll,i< i" ' <x '_

1 _ L+ - +_----I' _i+_i i', . ',
++, _ . + _ I • ,

"" ; ' 'L_ ,-..,._ • ;'" "_ .......... _"" .... -

I ,.... +...+i'¢i I i _ ] • ". '

.-+" ..,.- ...--_. c-4- -_ ,' ,
z . ! / + - "I -= I :

. - ',. .- ._- _------_ ,. ' , {_ ".

..- ,- ,
;, J .... ' ._J , :i il , r lFP- .... .r -:-t '?

r / _ ,+ i< t , " I ,/

3..... t / ............ _ -.. I '

' i....... //" h +
u .+ - _ t; . , ,."

, o <_

_,,+, 7<+ _ <

; _7$ .A

_®<
|

\

/" . -: " - - W - --_
%

- - - L: -,_

x

N "_"
\ \

•-_+'.+ --.............. ! ........ _---- ----_7+'+5....... t

l
I

.i.

J_



r/AL-I_+

1 2 / 1 '+/6 I

Page 1 [

Fr_m v lrit,us ,_ethod> of co LE,,lIiag the attJt_l,I( of the caps_l[e aft('r

sep_r_tio;_, thyme are three that have been co;_sJdere,t in d_.tail. These

a_'e •

(l) Spin stabilization, with spin-up prior to separatism,

(2) Stabilization with an inertia wheel moui_ted in the c q)sule

alor, g the axis of sy_i_qetry, with wheel :pin-up pri_,r to

separat ion.

(3) Spin stabilization, v,_th capsule spin-up i,aitiate,t i_r,,ed-

lately after separati(m.

1'he first two _f these sche_qes, which require cap/ule or wheel spin-up

before separation, are f_,uq,t to be. u_desirabIe, hv',:ever, because (_f the

gyroscopic cross coupling which thev exert on the sp,_cecraft's attitude

control system. The thir,l !:totllod was e:<amJ_e(l_ and was fot, nd to be sat-

isfactorv. (A-4 to A-6) Ill using /his tlethod of attitu_le c_,t_trc,l the

capsule is given a velocity separ,_t-_o:,, i:_,p, lIse v 0 which is sufficiently

..... !1 (;_bout [ ft/s_:c) so that the spacecrait is m,t adv,:.rsvlv disturbed

bv the separationo Then the' cap_ui_: _ .... F-::'-"P h,, n pair of lt_w-thrust

jets about 2 secc_nds after the in.,;tant of separati_n, and finally given

the required velocJtv chm,ge v C aD(_lt _ :liJltlte5; after separatio'_ whe_

the capsule is sufficiently far reraove_i froH the spacecraft (appr_,.:i _at-

ely 300 feet).

The capsule spin rate required for ad¢,q'4ate Ftahilizntion is fo',_qd t_ be

approxi-:_ately lO radians/s_co Spi,nup t_ this rate can be acc_q_lis|led

by deliverin£ 3.33 pou_ds of thrust for 13 sccon, ts from ('ach of two _,pin

jets mounted on vt,posite .,_idcs of a 3-f(,ot ri,_; which is perpel_.dicutar

to the _pin axis and whose center is coi_:ci!eqt with thv mass cc_tcr of

tile capsule. Al. khough a detailed anal:sis _f the _'ffc'cL of cat,sule spinup

on the spacecraft is not p(_ssible, heca,_se of a lacl< of t:_,wl,:,lg_, of thv

structural dctaits of tile spacecraft (partic-_l._rl: the sotar p,mets), Jt

was esti:aated th4t this low thrust te,.,et w_uld n_t pro,tuce a_v sit_,ificant

space.craft distv,rba_ce. (A-5)

The torque _,,_p_,]se ex'_erieqced by the spac_'cr.lfc due t,., sepqr.tti,_u {)f the

capsule is held to a low value bv k,_('pi:_'_ tb.v c.q,sv_l(,'s sct,._rat i, ,n wclo-

city' v 0 dow-_ to vne foot per sec,,n,]. TE iN assll:19,] that a Mar _on c[,xq)

secures the ('aps,_Ie t,, the :q;ac('cr tft ;_'._,[, at tJ _<_' _f >ol,._rati,_:_ , the

cla_q) is r_,ieased and a .<i;ri _,. -l_mdcd r4,_ J H_rts ,_ ,e[ocitv v:) t,) th(,

capsule, If it is assu_,cd thnt /',, the di,_qt,ti_ce fr _ Lh,. li,m of action

of the spri_ f_rc_, to the :_._,_;s ce,ter ,,f the ('lp,_;Lltv, is _,_ r,'lLOr that_

0.0l feet, the_l it has been :_t_t_,e_ th4t tl_e r,!,_ult._nt t,,rei,:,' i ,t,:_l.:-e i .part_,d

to tile si),tc(:crafc i> a!,i:r,_:i _t,:l..' 0.1b lt-l_-sec. Sii,ce thi.,: v_lde has

bec,:_ per _i.-,_ibl,, for Rnn,_:t'r-t}.'pc s,,._c,'cra_t, it is .tssu:lt'd that it: will

not l)e (,x(?t'bs1vc • or a }|ariil,'l- spac_'cF,tt-t_
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Five minutes after separation and spinup the capsule's main rocket will

ignite and burn for approximately ten seconds, delivering a thrust of

about 900 pounds. The capsule will then be oll the desired impact tra-

jectory and will enter tile >lartian atmosphere someti1_le between 14o5 and

21o5 hours later, depending upon tile value of v I al_d the di_;tance from

Mars at time of separation. The nominal entry angle (with respect to

local vertical) is zero degrees, and the entry velocity will be in the

range 21,000 ___ vM _ 26,000 ft/sec dl_pending, once again, ,:ponv I. The

actual point of impact on the Martian surface may be in error bv approxi-

mately 15 ° in latitude and longitude, corresponding to an 800-mile error

in the point of impact.

5o Atmospheric Entry and l_npact

In attempting the design of a Martian entry vehicle an a priori knowledge

of the gaseous constituents of the atl_1osphere and the variation (as a

function of altitude) of atmospheric temperature, pressure and density

are vitally important. One or 1_ore of these parameters will strongly

influence the capsule configuration, the design of the heat shield, the

design of the con_nunication system, and the prediction of aerodynamic

behavior during entry° Soi:_ _.f the ......r__ =_ors can be measured directly,

and others deduced on the basis of a number of assun_ptions; but, unfor-

tunately, our knowledge of the Martian atmosphere is currently subject

to some rather large uncertainties, especially at high altitudes° A

summary of this knowledge is available in RAND report RM-2817-JPL,

dated June 30, 1961o Me!_1os 1-12 and 1-16 discuss some of the topics in

this report which are of i_m_mdiate interest, and graphical data are pre-

sented which indicate the bounds on our evaluation of the density and

temperature profiles of the atmosphere. In the discussion which follows,

reference will be made to several of these atmospheric models, and com-

ment will be made regarding particular ones which impose the most severe

constraints on the tentative design of the LAT capsuleo

Since one of the major purposes of the LAT capsule is to obtain low-

altitude pictures of the Martian surface, a primary consideration in

the capsule design is the maximization of the time T spent in subsonic

flight prior to impact° The stipulation on subsonic flight is made

because of the inadvisability of uncovering the lens of the caTnera sys-

tem when moving at higher velocities. The upper bound on T is dependent

on entry velocity and angle, the atmospheric nodel assumed, and the

nominal ballistic modulus M/CDAo Near-vertical entry angles, hi;h e1_try

velocities, and large values of M/C_)A all tend to produce an undesirable

reduction in T; and the smallest values of T are fouled to be associated

with atmospheric _lodels B, D and E. (C-15)

Capsule size limitations in natiil_ of the capsule to the spacecraft

dictate that M/CDA cannot be made appreciably smaller than unity, however°
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Henceunity is chosen as a nominal value and shall be used in all sub-

sequent discussions° At,_osphere D appears to impose the most severe

limitation on the maximu_ value of T. Therefore, an analysis was made

to determine a range of possible values of T assuming the worst possible

atmosphere (D), the highest expected entry velocity (26,000 ft/sec) and

a vertical entry angle_ Even in this most pessimi_;tic case it was found

that a capsule having a base diameter of 47 inches (assumed non-rotating),

and having a variable drag coefficient, would remain in subsonic flight

for approximately T = 30 seconds. The altitude at which the capsule

reaches Mach i is about 22,000 feet; and the corresponding i_pact velocity

is approximately 650 ft/sec. A peak longitudinal deceleration of 131

Earth g's is experienced at an altitude of approximately 122,000 feet,

but it is important to note that these performance data are the _qost sev-

ere that may be expected. Values of T up to i00 seconds and maximum

decelerations as low as 66 g's have been predicted using different model

atmospheres and entrv angles. (C-II and C-12)

Heat protection for the capsule during at:_ospheric entry has been provided

to restrict the maximum inner wall temperatures to the range from 300 to

400 degrees F. This is accomplished by use of a phenolic nylon (P-N)

_hlative material which completely covers the nose and skirts of the cap-

sule, varying in thickness from 1.2 inches at the stagnation point on the

nose to 0.2 inches at the aft end of the skirts° (E-22 and E-23) In addi-

tion a layer of backup insulation (Johns-Manville MIN K-2000) about

0.4 inches thick is provided beneath the ablative material covering the

capsule skirt° _he total P-N weight is i00 pounds, and the weight of the

insulation is 13 pounds° This heat-protection system gives adequate pro-

tection even during the most severe entry conditions, cog., a vertical

entry into atmosphere C or E at 26,000 feet/sec.

It is unfortunate that 113 pounds out of the total payload weight of

300 pounds a]!otted to the _ capsule must be devoted to heat protection°

Indeed this is excessive if only convective heat transfer rates are con-

sidered. However, it has been found that radiant heat transfer from the

cyanide band must also be considered because of its significant contribu-

tion to the total heating at the stagnation point, due to the CN formed

in the shock layer during a high-velocity, vertical entry. (E-l)

A preliminary assessment of the dynamic stability of the capsule during

atmospheric entry has been made, because of the influence of stability

on both the design of the capsule structure (and beat shield) and on the

feasibility of taking pictures of the Martian surface during subsonic

flight. (D-12) The angle-of-attack envelope, rather than instantaneous

angle of attack, has been computed for the LAT capsule as it follows a

point-mass trajectory through several different hypothetical atmospheres°

The variation of this envelope with time (or altitude) is dependent upo_
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several parameters such as the csti_nt_d damping coefficient C>i, tile
capsule spin rate _JS, the e_Itry velocity VE, the e_try augle_ @E
measuredwith respect to the local vertical, the i_itial anFle of attack
_E' and the atmospheric ;Lodel which is assumed. Conseque1_tlythe effect
of variations in these parm:_eters(m the convergence of the angle-of-attnck

envelope has been investigated. In a typical c_:_putation the C M is esti-

mated to be approxi_ately -I, {_JS is IO_RPM, v E is 26,000 ft/sec, q _)E is

zero, 6)E is 90 ° , and the E at_1osphere is assumed. Using these parm:_eters

the angle-of-attack envelope ducreases to 5 ° at an altitude of approximately

225,000 feet, and becomes essentially zero for altitudes less than i00,000

feet. (D-15) Thus the picture-taking portion of the capsule mission could

conceivably be initiated at these altitudes if the corresporldin_ capsule

velocity were found to be sufficie_Itly low. The capsule will also have

passed through the region of peak dynamic pressure at these altitudes,

but there is still some q'aestion as tc_ whether or not the region of ;_eak

heating will be passed°

Convergence of the angle-of-attack envelope is delayed sonewhat if some

of the parameters are varied. For example a decrease in v E, an increase

in _YS' an increase in_ E or a decrease in the ,_agnitude of C M will
........ _1_,t 1....... I,_A,,_ _f thc_ variation of

delay tile convc_b_i_c_o t_ ..... _- _ _,,

C M with capsule velocity will be required before a more careful assess-
_e_t of dynamic stabilit} can be made.

6. Capsule Communications System

The preliminary analysis which has been undertaken for the Mariner B

communications system has been divided into two parts, one for the LAT

capsule and one for the LAS capsule. The following colm_entary is mostly

concerned with the LAT capsule.

One of the first questions which must be answered in c_n_ler_ng a capsule

communication system is to decide whether the c:ipsule will transmit its

information via the capsule-spacecraft-Earth link, or the simpler capsule-

Earth link_ Transmission of infor,_ation directly to Earth from the cap-

sule is found to be extremely i_:_practical, however, for the picture-taking

mission considered here. By 1964 the state of the deep space tele,_etry

art, for mean Mars-to-Earth distances, will almost certainly limit infor-

mation rates to something on the order of a few hundred bits per second,

even if the transmitting anteuna has a gain of 18-20 db over isotropic.

Not only would these bit rates be inadequate for tra_smitting (during descer_t)

tile information to describe one picture taken from the descending LAT cap-

sule, but the transmission capability would be limited even further by the

inability of the capsule to carry a dircctional antenna that could be con-

tinuously oriented toward Earth durin_j atmospheric e,_try. In addition the

actual transmission distances will very likely exceed the mean Mars dis-

_nce, which is approximately one astronomical unit_ For these reason.q,

only transmission over the capsule-to-spacecraft li _k has been seriously

considered here
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The hAT capsule transmitting equipme,,t (mnsists of three lO0-watt,

250--negacycle wideband transmitters which transmit video data from the

three vidicon cameras mounted in the re)so of the capsule, and a single

two-watt, narrow-band transmitter which transmits the Jnfor.matJon from

all other engineering and scientific expc.rime,_ts. The data transmission

system is divided int_ four separate transmitting and receiving< sub-

systems _.. a subsystem to handle the vi,leo data from each of the three

vidicon cameras, and a subsystem to handle all other engim'erinz an<]

scientific data° This redundancy _nc'reases the liklihood of obtaining

pictorial information regarding the Martian surface, and permits the

use of lower transmitter power. (F-I to F-5) The following discussion

applies to a single data-handling subsystem.

The transmitter power required for a given information rate has been

determined, using the f_llowing assu,'_.ptions. _

(I) Data power (at the spacecraft receiver i_put ter:ninals) is about

half of the total power rect._',,e,t_

(2) The signal-to-noise power ratio at the receiver input ter_inals is

'" -,, • _ .... I,,],,_.. 4# ., UI'MIucIZIPM -_,_,1,,1,t_o,_

scheme and coherent detection are u._ed. (F-2)

(3) The system noise power spectral density is -199 clb_J/cps, corres-

ponding to a receiver _ f_<ure of 5 db and an effective noise

temperature of 900°K. (_j j)c'

The free-space transmission loss is 164 db. This assumes a trans-

mitter carrier frequency of 250 Mc and a ma×imum capsule-to-spacecraft

distance of 9000 statute miles_

_ _ .
(5) The poiarizatio_L _o_ Is 3 ,_',,,and mlsc_11_,.. .........._--_'<f°_.............Ir_<q_ t,_t.1]

2 db.

(6) The total antenna gai_, for the transmitting and receiving antennas

taken together, is i0 db.

(7) A design margin of 8 db is used to absorb errors in the above

assumptions and deficie_cies in svste_'._ pcrfor_ance_

Using these assumptions it is tea,lily showu that data rates of 12,5c10

bits/sec and 250 bits/sec are allowable for the [O0-watt wideband tr.ms-

mitters and the two-watt nearrow-band transmitter, re::pectively_ (F-5)

If a 200-line resolution capabilit,: is assumed for a ._i:b;le via!icon, arm

one of eight _:ra?, levels is used to specify the intensity of each of the

40,000 resolvable elements, the:_ a ma:<i,'v,n of 120,000 bits of infor:_ation

is needed to characterize a single picture. The ti._e required to transmit
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one picture is approxi_nately ten seconds, which includes the time
required for vidicon erasure and for the transmission of synchronizing
signals° Thus it follows that, even under the most adverse conditions,
there will be sufficient time during subsonic fl_ght of the4capsule in
the atmosphere for the transmission of at least three color pictures
of the Martian surface.

The capsule must carry two separate transmitting antenna systems o..
one for the transmission of video, scientific and engineering data to
the spacecraft, and the other for use with the radar altimetero The
former system must be pointed out the aft end of the capsule and have
a radiation pattern that is symmetrical about the longitudinal axis,
because the capsule will be spinni_g during entry° It should also
provide an angular coverage of approxinately + 60° , measuredwith
respect to the longitudinal axis. These requTrements can be met by
use of a crossed-slot antenna (F-31) for which each slot weighs roughly
1.5 pounds and has dimensions of 24" x 5" x 5"_ This antenna is l_cated
in the base of the capsule so that it always remains pointed in the
approximate direction of the spacecraft. The altimeter antenna systen
is composedof two circumferential slots having 62" x 2" apertures,
located undcr the ablative _ter!_! _,_th_ r._p_,le skirt aporoximatel¥
half way between the nose and base. Since the altimeter antenna _ill
be subjected to severe heating during atmospheric entry, a study rqu_t
be made to determine the most appropriate material that can be used to
fill and cover the slots.

In transmitting from the altimeter antenna and the crossed-slot antenna,
two problem areas must be considered. These are the possibility of
antenna breakdown due to high radiated power, and communication blackout
due to plasma sheathattenuation. A preli_inary investigation of ante,lna
breakdo_#n(F-28) shows that transmission from the crossed-slot antenna
cdLi be safely initiated at altitudes less than 190,000 feet with no
likelihood of antenna breakdown° Since this altitude is greater than
the altitude at which subsonic velocities are reached and picture-taking
is initiated (about 70,000 feet), the possibility of breakdown of the
crossed-slot antenna is of no concern. A further analysis may be nec-
essary to obtain similar assura_ce with regard to the altimeter antenna,
which may be required to radiate at altitudes as high as 150,000 feet_
Attenuation of radiated signals, arising from h_gh electron conce_tra-
tions in the plasma sheath, are found to be troublesome only for forward
transmission from the altimeter antenna. (F-25) It has been shown that
transmission from this antelma is L,_practical in the altitude ravagefrom
800,000 feet to 150,000 feet;(F-55) but below 150,000 feet the altimeter
will be able to transmit adequately through the sheath. Conditions for
transmitting out the aft end of the capsule are not so severe, however,
and it is estimated that no appreciable attenuation will be experienced,
due to the presence of the plasma sheath, at any altitude.
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The design of the capsule, and decisions regarding its mission objectives

are strongly influenced by the ability of the spacecraft to relay to

Earth the information collected by the capsule after separation. Special

attention must be given to the demands which are placed on the spacecraft

with regard to the receiving antenna system, the data receivers and the

data storage system°

It is very important that the spacecraft's receiving antenna be circularly

polarized because the incoming energy may be of any polarity, due to the

unpredictable motion of the capsule and to the use of a crossed-slot trans-

mitting antenna° (F-32) Furthermore it is desirable that the receiving

antenna power gain be at least i0 db, so that the power which must be

radiated from the capsule transmitters can be held to a reasonably low

value° The Space Progrmn Sut_naries from JPL have indicated that the

Mariner B spacecraft may utilize a Mars-oriented boom to point scie_tific

instruments, such as a radiometer, at the planet° Hence it is assumed

that such a boom could be made available for the mounting of a receiving

arttenna which would accept capsule data. Then the above requirements can

be adequately met by using a collapsible helical antenna which (when

erected) is approximately four feet long, 15 inches in diameter, a_id

employs a two-fooL-by-two-foot grot,nd plane. This antenna would give

the desired i0 db gain at 250 Mc, and would have a 50 ° beam width° The

capsule would lie in the beam, once it has approached to within about

4000 miles of the planet. _F-32 and F-37)

The spacecraft receiving system utilizes four separate receivers fed

from a common antenna ooo three wideband receivers for handling video

information from the capsule's vidicons, and a single narrow-band

receiver for the reception of all other engineering and scientific data.

Fundamentally the four receivers are identical, with the exception of

the required changes Jn filtering circuitry° Each is a double super-

heterodyne, PM receiver employing phase-lock-type discriminator circuitry. (F-69)

The redundancy associated with using completely separate receivers pro-

vides increased reliability of obtaining some important data in the event

of a partial failure in the cormnunication system° However, the final

design criteria may dictate a sharing of some circuitry (e°g., RF pre-

selector, /IF amplifier, first mixer and first IF stage) by the four

receiving channels to reduce the power and weight requirements imposed

on the spacecraft.

A facility for data storage must be provided on the spacecraft because

the rate at which the capsule gathers and transmits video data during

atmospheric entry far exceeds the rate at which the spacecraft is able

to transmit data back to Earth° For example, the capsule may transmit

data describing as many as eight color pictures to the spacecraft in

80 seconds° Since each picture requires approximately 4 x 105 bits

(including sync signals) to describe it, the spacecraft must be able to

accept and store information at a rate of about 4 x 104 bits per second.

The rate at which information can be relayed to Earth is about iO0 bits

per second, however; hetlce the ratio of data rates is about 4NO_I. If
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we assumethat a magnetic-tape storage device is used, and that the
device has ½ inch per second as a practical lo_'er l i:nit on its play-
back tape speed, then the tape speed while recording ,_ust be 200 inches

per second if only a single recording channel is util_zed. (F-50) This

speed is impractically large. Reduction of the recL,rding speed can be

acconlplished, however, by arrangiug the data on the tape in nine parallel

tracks (three tracks per widcband receiving channel) so that the rec_rd-

ing speed can be reduced to a more reasonable 22 i_ches per second°

After all the video data from the capsule has been stored, the tape

transport is rewound and the nine tracks are read out in serial fashion

at ½ inch per second for transmission to Earth. For the handling of

the remaining engineering and scientific data from the capsule, there

is no appreciable storage problem. These data rates are sufficiently

low that they may be relayed by the spacecraft to Earth in real time,

i_eo, no storage at all, if it is convenient to do soo

It is estimated that the equipment which must be carried by the space-

craft to support the capsule _nission, exclusive of the capsule itself,

will weigh about 25 pounds and require approximately 15 watts of elec-

trical power for its operation_

7o Scientific Data Accumulation

In the LAT capsule mission, data is to be gathered which will describe

capsule altitude and velocity; atmospheric pressure and density profiles;

color pictures of the Martian surfac(_; charged-particle belts and mag-

netic fields outside the atmospheric envelope; and capsule system per-

formance. Major attention has been given to the picture-taking portion

of the mission in this study because this portion presents the most

challenging problems in implementation and data transmission. Our

investigation has included a study concerned with obtaiuing pictures of

the planetary surface prior to at:uospheric entry, as well as pictures

taken in the atmosphere from altitudes less than 60,000 feet. For

simplification in this summary, however, only the taking of iu-atluosphcrc

pictures is discussed°

The cm_era subsystem consists of three co:npletely independent vidicon

cameras (with appropriate color filters) mounted in a cluster in the

capsule nose. The cameras look outward along the axis of sYmL_etry,

and are exposed to view by the process of removing the lens cover.

Each camera has its own data transmission equip:ncnt, but all three share

a con_non progra_ning control, _,_ultiple:<er and transmitting antenna.

No optimum choice of vidicon type has been made thus far in this studv_

llowever it has been deter_uined that a vidicon similar to the Westing-

house WK4330 may be suitable, except for the possible necessity of

increased ruggedization. So1_e typical vidicon characteristics that

are found to be desirable are the following,,:
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(1) Tube dimensionsa 5 i,_ches long, one i_ch diameter

(2) Shock: greater than 150 g

(3) Total weight of vidicon and control equipment: less than 6 pounds

(4) Resolution: 200 x 200 TV lines

(5) Gray levels: 8

(6) Format dimensions: 0.45 inches, square

(7) Picture retention time: greater than lO seconds

(8) Hinimum exposure: 0ol foot-candle-seconds

The exposure time required for a particular tube is del,eadent on several

factors .o° color of the filter with which it is associated, the wave-

length of its spectral peak, characteristics of the lens bein.z used, alld

on the brightness of the surface which is viewed_ It has been shown that

a vidicon havin!_' the characteristics listed above, employing an F/I.4 lens

and an exposure of 1/200 second, will be amply i[lumimJted 0y the >lar[ia_l

surface at mid-day. (G-8 and I-4) Ground resolutions in the range frL_,n

245 feet to 16 feet w(mld be obtained for capsule altitudes from 50,000

feet down to 4000 feet. C_,rrespondin_ fields of view would wiry from

45,000 feet down to about 3000 feet° (G-6)

By utilizing the data obtainable from the altimeter, accelerometer and

gyro, it should be possible to reconstruct the geometry of the, e_trv tra-

jectory as well as a history of capsule velocity, altitude and attitude

A lO0 Mc altineter has been tentatively chose:_, with a capability of

r.,_diating a peak power of lO0 watts. (G-15) This choice has been made in

order that the altimeter may be completely transistorized and the weight,

volune and power requiremeuts held to a minimuil. Since the ablative heat

shield is not to be removed during atlospheric descent, the altimeter

ante,,ma must l,e Tm_unted under the shield. This creates a problem which

must be resolved, because it is unlikely that the antemm will be able

to radiate energy through phenolic-nvhm ablative matcri.ll after it has

been charred by heat{;/_;, ThLIs it bectxnes necesstrv to e_le_i_e the pos-

sibility of covering the altimeter antenna aperture with sore- oth__,r

ablative material such as teflon which is more transparent to rf radiatio_t.

There is little doubt that the determination of atmospheric pressure,

density, temperature amt composition is of great importance in a capsule

mission° The required i:_,-;trumeutation should not be radic,lllv differc;_t

from that used in upper air souadings of our ow_l atmosphere. One major
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complication may be the very high velocities attained by the hAT capsule,

however; hence the determination of some of these parameters (especially

temperature) may dictate the use of a drag chute° This instrumentation

has not been studied in detail, as yet, but allowances have been made

for types of instruments which may be appropriate. The capsule structural

diagram on page I0 shows, for example, the presence of a flux gate mag-

netometer and a scintillation counter for the pre-entry measurement of

magnetic fields and charged-particle belts. A mass spectrometer is indi-

cated for determining information about the composition of the atmosphere,

and two sensors are located with access to the atmosphere (one near the

nose and one at the rear of the skirt) for the determination of. dynamic

pressure. Data from these sensors and the two accelerometers may be cor-

related with our knowledge of the capsule structure and velocity to

ascertain the pressure and density profiles.

8o Problem Areas

A substantial number of technical problems have been uncovered during the

course of this study, many of which would require more careful investiga-

tion before a preliminary capsule design could be completed° The follow-

ing is a partial !i_t of problem _r_:

(1) The possibility of directing both the spacecraft and capsule on an

impact trajectory prior to separation, and then propelling the

spacecraft off this trajectory and into a f_-by trajectory should

be investigated further to see what advantages may be obtained°

(2) The separation and spin-up scheme must be examined more closely,

once a more definite idea of the spacecraft structure is obtained.

Every precaution must be taken to insure that the spacecraft is not

upset by the separation maneuver°

(3) The total number of bits of information obtained from the mission

described here is very high, producing a correspondingly large cap-

sule weight° A less ambitious mission should possibly be considered

in which fewer pictures are obtained if it is necessary to reduce

the capsule weight radically. Weight savings can also be obtained

by optimization of the capsule configuration°

(4) The use of some other heat protection material, such as pyrographite,

should be investigated in an effort to reduce capsule weight

(5) Determination of the time of entry into the atmosphere is a problem

that needs further examination° Also the determination of capsule

velocity history and the proper time for removal of the vidicon

lens port need more attention°
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(6) If the te:,,q)erature and shock e_vir(n_ent are too severe for

state-of-the-art vidicons, a speciai vidicon may have to be

deve 1.oped o

JEK: cl.m
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SUMMARY

It has been proposed that the thrust vector which accelerates the

capsule be controlled by spin stabilization of the capsule° The main diffi-

culty is to spin-up the capsule without disturbing the bus. Because of the

tip-off rate which is expected to accompany separation, the capsule must be

stabilized either before separation or immediately thereafter.

Schemes which require that the capsule or an inertia wheel be spun

up prior to separation are shown to be unacceptable because of the gyroscopic

crosscoupling which these schemes impose on the bus attitude control system_

The recommended approach is to spin-up the capsule shortly after

separation (similar to the procedure used on the Ranger capsules). Two spin

rocket nozzles will be used. Thus, the torque produced on the bus due to

spurious gas particles from one spin nozzle acting on one solar panel will

(in the ideal case) be balanced by the torque due to gas particles from the

other nozzle acting on the other solar panel. In the actual case the thrusts

and gas flow profiles will be slightly different for the two nozzles (due to

machining tolerances, etc.). Hence, some small torque will be produced on

the bus. Therefore it seems advisable to use low thrust levels (and long

burning times) for the spin-up system. We show that spin torque levels as

low as 5 ft ib can limit the pointing error resulting from an initial tip-

off rate to acceptable values° We expect that the torques and torque impulses

on the I_;S (which result from small errors in the spin-up system) to be

negligibly small°

-I-
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INTRODUCTION

Prior to separation, the capsule and the bus are on a "fly-by"

trajectory relative to Mars. After capsule-bus separation all impulse is

imparted to the capsule thereby placing it on an impact trajectory. Spin-

stabilization is the simplest scheme for insL, ring that the thrust impulse

vector is applied in the desired direction. The problem is to spil_-up the

capsule without significantly disturbing the bus. The maximum torque

impulses which can be sustained by the Ranger bus during antenna deployment

(Ref. i) are

0.15 ft Ib sec (pitch and yaw axes)

0.09 ft ib sec (roll axis)

In this memo we assume that the same specifications hold for the Mariner

bus during separation and spin-up of the Mariner capsule. Since a trans-

verse torque impulse (about the pitch and/or yaw axes of the capsule) is

_-_ro_........... _ _,_nxr,.. ¢_p._r:_rq,_n___ rh_ c._p.q,l_ re.st be _tabilized either

prior to separation or shortly after separation.

From Ref. 2, a .84 meter/see error in the velocity change vector

v C normal to the plane of the approach trajectory results in a 1 degree

error in the impact site° This is the critical error. The magnitude of

v C is taken as 277 meters/see. Hence, a pointing error of .84/277 _ 3 x 10 -3 rad

in v C can produce a 1 degree error in latitude. We will assume that the

latitude error resulting from the initial tip-off rate at separation may

not exceed i0 degrees.

THREE POSSIBILITIES

Scheme (I): Spin-up the capsule prior to separation by either slowly

torquing the capsule against the bus or by use of very low _

thrust spin rockets_

Scheme (2): Spin-up an inertia wheel (with spin axis fixed to the capsule

centerline) prior to separation. The wheel is torqued

against the bus° After separation the wheel is clutched to

the capsule thereby transferring the an_ular momentum to

the capsule°

-2-
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Scheme(3): Spin-up the capsule after separation. Relatively low thrust,

slow burning spin-up system is required.

Schemes (i) and (2)

We will show that both of these schemes may be eliminated from

further consideration. The tip-off rate _T for the Ranger Lunar Hard

Landing capsule is taken as .01 rad/sec (Ref. 3). The inertia data Ranger

and Mariner B capsules at separation are:

Item

Mas s m

Roll moment of inertia, J

Pitch (and yaw) moment of

inertia, I

Ranger Capsule

9.0 slugs

2.45 sing ft 2

9
9.40 slug ft-

Mariner B Capsule

9.3 slugs

2
14.6 slug ft

10.6 slug ft 2

I
I

I
I

I

I

I

I

I

If the Mariner capsule were not _puL_-up p_:io_ _o.........o__,,_ the tip-o #_

rate would scale as follows

IRANGER

- ( _J T) RANGER
( _J T)MARINER IMARINE R

Hence, the expected _JT for the Mariner capsule would be approximately

.01 rad/sec. Since in schemes (i) and (2) the capsule is spinning prior

to separation, the tip-off rate would most likely be greater than °01 rad/sec.

Hence, if we use _JT = .01 rad/sec, we are being optimistic° The transverse

impulse is given by

l_J T = (10.6 slug ft 2) (.01 rad/sec)_ .ii ft ib sec

This impulse is imparted to both the bus and the capsule. Since this impulse

is less than .15 ft ib sec maximum for the bus, we may not as yet eliminate

schemes (i) and (2).

The spin angular momentum (for either the capsule or the inertia

wheel) must be sufficient to insure that the latitude error due to _T does

not exceed i0 degrees. This represents a peak pointing error C_ of .03 rad.

After separation the capsule centerline will precess about a new angular

momentum vector which is displaced from the nominal direction by the angle _.

The required spin angular momentum is
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w

Js =

0

(10.6 slug ft _) (.01 rad/sec) = 3.5 ft ib sec
03 rad

where s is the spin rate. The spin momentum Js is achieved prior to separa-

tion. Since the bus must precisely orient the capsule immediately before

separation, the spin momentum Js must be resisted by the bus control system

in any pitch and yaw maneuvers. Clearly Js represents a disturbance to the

bus far in excess of the acceptable torque impulse levels. Hence, schemes

(I) and (2) are eliminated from further consideration.

Scheme (3): Spin-up After Separation
t

At "separation" the mechanism (Marmon clamps or explosive ring),

which secures the capsule to the bus, will be released and a spring loaded

ram will impart a small velocity v 0 to the capsule relative to the bus. Sup-

pose that the tip-off rate _T is due entirely to misalignment of the impulse

producing force (spring). Then

mVO_ I_7T

_JT I or v0 m zi_

where /k is the distance from the line of action of the spring force to the

mass center of the capsule. Let T be the time interval between separation

and the start of spin-up.

during T is given by

The distance r which the capsule has traveled

1½
r = rot = T

Using the relation

7_ _/cOT

where _ is the "tumble" angle, we obtain

If we allow _ to reach .02 rad in the interval T and assume'_ _ .01 ft,

we have

(I0.6 slug ft 2) (.02 rag)
r = _ 2 ft

(9.3 slug) (.01 ft)

-4-
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We now assume that, even if /_ were zero, the tip-off rate at

separation due to preload and alignment of the separation clamps would be

.01 rad per sec. Then allowing _ to reach .02 rad we find

T = --_ = 2 sec

_r

Hence,

v 0 = s/T = 2 ft/2 sec = I ft/sec

We now check whether the impulse imparted to the bus will exceed .15 ft Ib sec.

I_ + _T22' = _/_(i0.6 slug ft 2) (.01 rad/sec)= .15 ft Ib sec

where _JTI is the tip-off rate due to the spring misalignment and _T 2 is

d_e to the separation mechanism°

We consider the spin-up phase next. Suppose that spin-up is

accomplished instantaneously. After spin-uP the angular momentum vector

remains fixed in direction but is misaligned (from the nominal direction)

by an amount

Js

Taking the spin rate s as i0 rad/sec and _T = _2(.01 rad/sec), we obtain

_= (10.6 slu$ ft 2) (.014 rad/sec) = 10-3 rad

(14.6 slug ft 2) (I0 rad/sec)

which is negligibly small compared to .03 rad.

Actually spin-up will not be accomplished instantaneously. Since

the cone angle of the gas particles from the spin rockets may easily approach

90 degrees in a vacuum, some of the gas particles will impact on the bus. We

suggest using an even number of spin rocket nozzles so that the gas particles

impacting on one solar panel (of the bus) will be compensated by the gas par-

ticles impacting on the other panel. Even though no torque will be produced

-5-
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I

I
i

I

I
I

I

I

I

on the bus in the ideal case we would prefer to use a low thrust spin-up

system which has a long burni_ig time. An analysis of the capsule motion

during spin-up with an initial tip-off rate is presented in the appendix.

A plot of the tip-off angle as a function of the initial tip-off rate for

specific values 'of spin torque T and time t I to spin up to i0 rad/sec is

given in Fig. i. Even if T is as small as 5 ft ib, the tip-off angle due

to a tip-off rate of .014 rad/sec will be less than .03 rad. Suppose that

we select T = i0 ft ib and use two spin rocket nozzles which are mounted on

a 4 ft diameter ring. The thrust at each nozzle will be approximately 2._Ib.

It is not thought that errors in this low thrust level will create any sig-

nificant disturbance to the bus. A d_tailed analysis is not feasible at

this time since the dimensions of the bus, particularly the solar panel

dimensions, are not known.
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APPENDIX: SPIN-UP WITH AN INITIAL TUMBLE RATE

Let A, B and C be three Cartesian coordinate systems with origins

at the mass center of the body:

A - nonrotating system

B - body fixed system which rotates relative to A at rate_

C - a system which rotates relative to A at rate J_-

The coordinate axes of C are x, y and z, where z coincides

with the body axis of sy:mnetryo We require that -f_ = 14) ,
X X

_O_ =g0 and _fT_ = O •
y y z

Let J be the moment of inertia of the body about the axis of symmetry and

I be the moment of inertia about a transverse axis through the mass center

of the body.

The equations of motion resolved along C are

where _ is the spin-up torque.

Then

_t,- -z- <;>j+ ___i"__:t-_,.,-- o

I

I

I

I

Multiplication of the first equation by JOx and the second equation by dljy,

and addition of the resulting equations provides

" ((-X/x _,-'/v:: ), x 7,/2 * = o

which yields an integral of motion:

;u- _ (a constant)"I .' .--- _._"

-9-



i
The equation for _x may now be reduced to quadrature:

or

. 2
Suppose that the x and y axes are selected so that &Jx = O. Then

_I = _0 Y0 and 0

We now assume that the z axis departs from the

by only an infinitesimal angle at all times. Then

0x__ gOx and _y _ %

where _x and _y are tip-off angles of the z axis. W_. hay

_ . i_

Defining the new variable

we have 6t = _/_--_-- _ .

_'. pd ,'9-.i,--..<1,. _'_ ._/_/_-:)_'_:,-/_,G') d" - _7,
-7_ _:zl lr d<> "- "

/. ,"p _ _de= _i-'_ /_..,2_7" , <_&,,= ,

AL-148

11/13/61

Page i0

initial direction

We have

._-D_(.,)

7'

-10-
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where C(Ul) and S(Ul) are Fresnel integrals.

(denoted by the subscript i)

/"7;-

'<",".7Y

Thus at the end of spin-up

where we have taken @ and @ as zero.

x0 Y0

Next we will describe the motion after spin-up. The angles

between the angular momentum vector (which is fixed _n space after spin-up)

and the z axis is defined by the infinitesimal angles @ and @ ._
E 1 Y l

._ _ f_, _-_.>,,.= __/7-.':_.'_,

where s is the spin rate. Since _x' _v' 0 and 0 are infinitesimals, we
. x y

may represent them as vectors in the xy plane as shown below.

V
P_i,_J;'-o_- .,,9A/6UL 14

t
• t__

! .

/ t

P,,4,',,,, Z = E /#7.',-_

The magnitude of 51 is l_y0/Js. The pointing angle _ of interest is the

angle between the reference direction 0 and the angular momentum vector.

We have

,d+,,
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A_STRACT

Four probable modes of attitude control for the Mariner Capsule

are analyzed with the common evaluation criteria the influence of thrust

malalignment during powered flight. The four modes considered are:

I) a spin-stabillzed vehicle

2) a stabilizing inertia wheel mounted along the vehicular

axis of symmetry (Ref i)

3) a momentum exchange scheme

4) thrust vector control

A brief discussion of the dynamics of a spinning body under "free-

fall" conditions is presented in order to define the contributing factors

to vehicular attitude dispersion after burnout.

t

TECHNICAL,DISCUSSION

The general concept of attitude control by spin-stabilization

of a body of symmetry can be analyzed by considering a modified form of

Euler's dynamical equations :

Ix _i + zz $ _2 = "1 (t)

Ix _2 " Zz_' _1 -- M2(t)

Iz C_3 = M 3 (t)

Detailed derivation is contained in Appendix A.

-12-
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where the following definitions apply:

I = principal moment of inertia about the axis of symmetryz

i

I
I

I

I

I

I

I

I

I

I

|

I = principal moment of inertia about the transverse axis
Y

= components of the total rotation vector - angular rotationn

referred to a quasl-lnertial axis

Mn(t) = components of the impressed torque again referred to a

quasi-inertial axis

Subscripts i, 2, 3 refer to a quasi-inertial set of coordinates

such that I, 2 define a pair of axes orthogonal to the third

(3) which is in turn aligned along the nominal axis of spin of

the vehicle.

Considering first the case of a spln-stabillzed vehicle (case I)

the equations shown above have the particular form:

Ix z 2 mcoI + H co = M cos

Ix _b2 - I_z _ " Mm sin

Iz_O 3 = 0

These equations have the solutions:

-13-
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I

I
I

I

I

I

I

I

(_i(t) " Hz (_. p) #sln $ t " sin p $ t_

C°2(t) = Hz [i - p]
cos $ t- cos p $ t}

(3)

and, upon integration

el(t ) :

M
m

H $ (l-p)
z

i i }P (i - C'OB _ t) - _ (I - cos P $ t)

e2(t ) :. m sin _ t- sin P t

Z

where M =
x

p =

represents the disturbing body-fixed moment due to the

thrust malallgnment

I
z

I
X

= I _ = constantHz z

These equations represent the angular rotations of the body

about two mutually perpendicular axes which are in turn normal to the axis

of spin and which remain fixed in space relative to the spin axis.

The effect of this thrust malallgnment is seen to produce a two-

frequency curlicue motion bounded by a circle whose radius is

-14-
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2Mm (Ix • _z)

H2
z

Hence, the outstanding characteristic of this form of stabilization is the

absence of secular terms, e.g. the position is harmonic, and the condition

of instability of the spherical configuration (Ix - Iz).

I
I

|
I

I

i
I

I
I

!

I

The resultant variation magnitude of the nominal velocity vector

(AVo) may be determined the integration of the appropriate acceleration

vector :

(AVo)= --m(i - cos 0 ) dt = m-

and the deviation normal to the nominal flight path (AVo) n may be found

(A Vo) n =

ftT- o (t) at
m

where T/m represents the instantaneous thrust to mass ratloof the vehicle.

These two integrals may be utilized in the final quantitative

evaluation of the selected system. Obviously these integrals are

contingent on the magnitude of the body attitude (e) and so are not

expanded in detail here. For purposes of preliminary design one may

approximate the T/m function by an average value, hence, considerable

simplification of the integrals occurs.

-I -

(s)

(6)
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I Considering the case of stabilization by means of an Inertia
wheel (case 2) equations (I) have the particular form

Ix ool + Hz % =

I x oo 3 =0

which, in turn, can be integrated to yield

._ .
ool = _z sin # (I)t

oo2--_ (I-cos_ _ t>

It follows that M I .

e I = _ (i - cos p _t)

e2-_ (=-_- sinp_ t)

3 October 1961

page #5

I

I

(7)

(s)

(9)

The latter of equations (9) reveals a secular term, as expected,

and because of this inherent feature is rarely used for payload stabilization.

I

I
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In a comparative sense, the spin-stabillzed vehicle (case i) has

a distinct advantage over the inertia wheel (case 2_ in minimizing the

influence of probably the most predominant disturbance: thrust malalignment.

However, the desirability of a '_on=rotating" case during the entry portion

of the trajectory should be considered as well.

In order to retain the desirable features of both schemes described

above, a suggested approach would be to use another form of control -- that

based on a principal of momentum exchange (case 3). The concept is simply

based on the use of spin-stabilization (case i_ mode of control during the

powered flight and upon burnout the angular momentum of the vehicle trans-

ferred to an inertia wheel in order to stabilize the case. Increased

sophistication (and complexlty_ may be considered where the attitude of the

vehicle may con_nanded by an appropriate impressed torque on the body case.

The last mode of control considered, that of thrust vector control,

can be represented by the single control loop as shown:

M
m

 hrustvector voh cularhControl Dynamics r

!

Figure I
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The system represented by Figure I can be expressed by a simple

second order differential equation

xx R +KD 0 =Mm (10)

where KD, KR represent the displacement and rate gains of the controller

respectively.

In the quasl-steady state condition it can be seen that

M
_=._m

Obviously the angular deviation can be reduced by a judicious

choice of the dynamic gain constant (KD), however, there is a limit. It can

be shown that, for this type of control, that the dynamic gain is related

to the prescribed control frequency which, in turn, is limited in magnitude

by the fundamental bending mode of the body (among other things). Hence a

relatively flexible structure (as anticipated for this capsule) could limit

the effectiveness of this form of control.

Finally, the kinematics of the capsule after burnout and prior

to atmospheric entry can be analyzed by considering the solutions to the

basic Euler equations for a symmetrical body:

(II)

x &+ [x -x]_
x x z x y

X _ + [Z - X ]_
x y x z z

x
z z

c0 =0
z

X

--0

(12)
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and the principle of the conservatlnn of angular momentum. For a detailed

discussion of the motion of a spinning body under free fall conditions

refer to Appendix B.

Basically the body will exhibit a coning motion about the total

momentum vector (H), the included half-angle of the vertex of which is given

by the equation

H
°I z

= COS --= constant
H (13)

I

I

I
I

where

H = I
z z

= constant_ and

H = [H 2 ÷ H2 + H2 ]1/2
z x y

= constant.

Note that the total momentum H can be found from the initial

conditions (in the case ¢onsldered, the residual angular momentum normal

to the body orientation at burnout):

_2_ (xz_ >2+ (ix_o )2

_0 = the residual velocity normal to the body attitude

at end of powered flight (see equations 3 and 8).

(14)

I

I
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The motion of the vehicle is illustrated below:

Initial Body _"_'*_,._. ......

Orientation e-wP

Attitude of the Body

Axis of Symmetry

Figure 2

It is evident from the illustration above that the maximum

angular excursion of the body is simply 2 e which is the maximum resultant

attitude error.

CONCLUSIONS AND RECOMMENDATIONS

A summary of the significant kinematic relationships are presented

in Table I for the two forms of spln-stabillzatlon considered. While it is

-20-
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recognized that the dynamics of the body are subject to influences other

than thrust malalignment (e.g., body angular rates evolved during separation,

jet damping and variations of the principal axes, among others) the primary

system error may be expected from thrust malalignment and thus has been

established as the criteria of evaluation.

It is the recommendation of the author that capsule stabilization

be attained by initially spinning the entire capsule prior to separation.

If it be deemed necessary to (a) "stop" the spin of the case, or (b) re-orient

the attitude of the capsule then the momentum exchange scheme is most

advantageous. In any event, the usage nf a stabilizing inertia wheel alone

or attitude control by thrust vectoring during the powered portion of the

trajectory have definite dynamical disadvantages for this application.

R. P. Nagorski

-21 -
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ANGULAR RATES

Case I

Case 2

SUMMARY

. h-p) p si= % t- si=p% t
Z

°h(t) = Hz '(t-p)
cos % t -=osp % t

M

CDl(t) = ...W. sin P _ tH
Z

M
_.9.m

_2(t) = H
Z

C1 - cos p _ t)

ANGULAR ROTATIONS

Case i %(t)

M
m

m=

Z

p(1 - =o_% t) - _ (I- =osp % t)

@2(t) = .

M p
m

H% [l-p]
z

tsin_ t- 1 slap _t

Case 2 el(t) =

M
|,u m,ll

Z

(I - cosp _ t)

M l

02(t) = _ (t " "-': sin p _ t)
z P_

TABLE A

-22-
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APPENDIX A

THE EQUATIONS OF MOTION OF SPINNING BODY WITH A

DISTURBING MOMENT APPLIED

Consider the basic Euler equations (Ref. 2) given below:

I +[I
x x z

I & + [I
x y x

z z

- I ]c_ 6o = M = M
x y z x m

-I]_ _ =M =0
z z x y

=M =0
z

(15)

The latter equation can be integrated immediately to give

I _ = constant - H = I
Z Z Z Z

(16)

Next, consider a coordinate set such that the triad is aligned along

the axis of spin ("Z" axis) and remains Inertially fixed except for rotations

about the two axes normal to the spin axis. These axes, called the pseudo-

stability axes, will be denoted by the subscripts 1 and 2 while the subscripts

x, y, and z will be retained as referencing to a body-fixed coordinate system.

noted:

From Figure 3 shown below several significant relationships may be

Y

x

coI
Figure 3

-23-
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COx = col cos _ + CO2 sin

COy =" col sin _ + 002 cos

similarly =

Mm M I cos _ + M 2 sin
0 = - MI sin _ + M 2 cos

substituting the relations above into (15) yields:

Ix COl+ zz _ CO2 " _ : Mm cos

Ix 002 " Iz _ COl = M2 = Mm sin

] For the situation where the thrust malallgnment (Mm) rotates with

the vehicle (or in other words referenced to body-fixed coordinates) these

equations are of the form

Ix ._I + Hz 0o2 = Mm cos

Ix 602 " Hz COl = Mm sin

H z = constant

If the disturbing torque appears along the pseudo=stabillty axes

then

Ix ._I + Hz 6°2 = Mm

Ix (°2 " Hz COl = 0

H z = constant

-24-
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APP_D_ B

I T_ EQUATIONS OF MOTION OF A "FREE" SPINNING BODY

Euler's Equations again will _press the dyn_Ics of the spinning

I body, i.e., Ix _x + [Iz" Ix ] _y °_z = 0I _y + [I : !_]_ _ : 0

Iz _z = 0

The last equation yields:

E Iz _ = constant = Hz .

i Since the total moment_ vector H cannot change (no impressed
torques) it follows that

H 2 = H 2 + H 2 + H 2 = constant
x y z

The angular of the momentum vector can be seen fromposition

Figure 4 given below:

!

|

2C

H
Y /

Figure 4

-2 -
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It is seen that

cos e

H
z

= -- = constant
H (25)

Thus the body will rotate in space about the H vector, the so-called

Invarlant llne and will reach a maximum deviation of 2 e . The normal momentum

components may be easily evaluated in terms of initial rates imparted to the

body.

The rate (_) that the body will precess in the coming motion about

the invariant line is given by (Ref. 3)

H
z

(Ix - Iz) cos_

(26)
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of the Mariner Capsule.

REFERENCE: (1) "Attitude Control of the Mariner Capsule"_ (Nagorski

to Housego)_ 3 October, 1961

ABSTRACT

Subsequent to the publication of Reference I_ a tentative

definition of the mode of control for the Mariner capsule was made. The

capsule is to be separated from the parent craft; spun up by a suitable

array of spin rockets with engine ignition to occur shortly thereafter.

The velocity increment is imparted approximately normal to the nominal

flight path of the parent craft and the moment of inertia distribution

is such that the lateral moment of inertia is slightly larger than that

about the axis of symmetry.

The analysis of the_*kinematics of the spin-stabilized Mariner

capsule has been extended in this memorandum to define qualitatively the

several possible sources of error including initial rates. A quantitative

solution is presented., using selected arbitrary parameters, to illustrate

the required spin rate as a function of the ratio of moment of inertias.

TECHNICAL DISCUSSION

The Equations of motion of a spin-stabilized symmetrica_ body

under thrust were shown in a previous memorandum (Reference i) to have

the form:

' "- O

(i)

The solutions to these equations have been extended to include

the influence of the separation kinematics:

-28-
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(3a)

(3b)

where the previous nomenclature applies and_J(0_represents the initial

rate imparted to the vehicle.

These angular deviations are related to the variations in

the velocity vector since the instantaneous acceleration vector is

defined in terms of the instantaneous body attitude. The variation in

the velocity magnitude is given by the following equation :

o
(4)

and the variation normal to the nominal flight path is simply

o

Because of the relatively large error expected from thrust

cutoff, the velocity magnitude error due to the variation in body atti-

tude, equation (4), may be neglected and the error determined by the
cutoff equation:

-29-
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where T = nominal thrust

MBO = vehicular massat burnout

_t = uncertainty in cutoff time

Page 3
19 October 1961

(6)

I

I

I
I

I

I

I

I

I

I

Equation (5) may be simplified to a fair degree of accuracy

with the conservative assumption that the attitude angle @ remain a

constant maximum value throughout the thrusting period, hence:

where

V _ applied velocity incremento

The maximum angular excursion that would occur may be ex-

tracted from equations 3a and 3b for the condition _ _ % ;

(8)

The two dynamic parameters, thrust malallgnmemt (Mm) and

initial rates (G_{_, of equation (8) are dlmcuoeed in detail in the

following sections.

TKRUST MALALIGNMENT

The malalign_t of the thrust vector is of a two-fold
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I

I due to these random contributions is
i
I

I

nature, e.g., angular and linaar variations of the line of thrust with

respect to the center of mass. The expression _.the overturning moment

whe re

(9)

T = thrust

_? = distance exit plane of rocket nozzlefrom

to the capsule c.m.

_ = lateral displacement of the engine axis

of symmetry to the c.m.

= inclination of the engine centerline to

the vehicular axis of symmetry.

An appropriate combination of these two malalignments would

also produce a roll moment; however, this contribution is neglected for

the purposes of this study.

INITIAL RATES

The initial angular velocities are the residual velocity of

the parent vehicle at time of separation (&01) and the angular impulse

applied about a transverse axis during spin up. Based on an assumed cruxi-

form array of spin rockets about the periphery of the capsule, the several

transverse moment components imparted to the vehicle during spin up are

(Figure I)

(a) A moment generated about a transverse axis due to malalignment

of the spin rockets about a radial llne:

(10)

(b) Malalignment from the true tangency produces

(11)
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(c) Variations of the locations of the spin rockets

Page 5
19 October 1961

(12)

(d) Variations in thrust level

(13)

If these moments are random in nature then

where M is the moment applied to the vehicle about a transverse axis,
s

The resulting angular rate is simply:

I

I

I
I

M3___: --_'t$

where M is the nominal torque applied during spin up:

M= qF_

and since from the previous equations

substitution into equation 15 yields

&.)--
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I Furth_er Xot_-_s on tlw Attitude P_IZ_' (o

Contr)k of the :,!,!rine_ C,_p::ulc
I

i
i if the placement of the spin rocket ass,__mbl_es is very close to the centerof mass of the ,,chic1<'. then _ -_ 0 _nd

I

An _dditiona[ rate would bc zencrated from. a spin rocket misfire

or" a time d_[,_v Jn rcacilin g fuii thrust; howev_'r, if i-he vehicait_r spin center

of mass is vet, close to tln.: rocket plant:, then this effect may be neglizible.

Fht, r,_-for_., to a very clo_.-,!pp_'oxLmation, the initil! rate can

bc_ found fr._m

SPiN RATE I<EQUtREMENTS

In order t_, it_lustrate the retationsbip of the ratio of moment

of inertia:;, to, th_ re_luircd ,_;pir, rat-c, a selected set of vehicutar parameter,_
wore used i, ceniunet_on with the several equations established earlier in

' this _p,m_-_._d_,:m. ]b_- result,< arc _;ho_ in Figure 2. The restriction was

es_a_! Ls,lC:! th;_t _ . . to ,'onlorm cc ,he expected inertia di_;tribution of

the b<_ri_er c.{psu!,..

_1 A NOTE 0"" lET De%MPING
If a rocket rotates about .t trapsverst:, axi:_ durine burnin,4, the_

gas must bt _ :tcc'cler_tcd latcr:'_l, iv as it flow< thror,g_h the case. The. net

effect of this c:han_<c of momentum is t:o oro'.idc a d:,,mping term on the

resultins: <_>'cilLator_ motion ,_ will },e _-hown Below:

I Consi.der abe case of ptan_r motion where

To this _-,mat:ion must ._e :_dded the rnomcntura [o_t as the _;as leaves the
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Exp,Jndin:4 this equatie_:

It fo[low_ t-hen, if It_-- I_

t

th_ln t:h_; radius of _4>,ration _ (a_ i_ F,en_ral[y th_ c<Isc) the-:-, it c,tn i_e

s_hown th,tt the re_c_! fin,. :,,o_icn wii i <.;_c,_,, _ :.:ponc-c,t iallv.

• _._+_,_ y-,_.'_
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SCOPE OF STUDY

We define the "capsule impact trajectory" as the path travelled by

the capsule between the points of capsule-bus separation and impact on Mars.

In particular we are interested in the relations between the end points of

such trajectories°

The initial conditions (the velocity and position at separation) are

selected to be consistent with relatively low energy launch conditions between

November i0, 1964 and December I0, 1964. Transfer orbits between planets are

not evaluated.

The atmosphere of Mars is ignored in this study, since the path length

in the atmosphere ( _ 300 km) is small when compared to the overall distance

travelled from the point of separation (_ 3 x 105 km).

The primary purpose of this study was to establish one or more cri-

teria for selecting nominal capsule impact trajectories. The factors which

were considered are;

a) illumination of the surface of Mars before and during atmos-

pheric entry

b) bus-capsule communication link

c) atmospheric entry angle

!77A
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d) propulsion requirements

e) error sensitivity

Three different sets of nominal trajectories are proposed and are critically

evaluated.
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A. VELOCITY AND POSITION AT SEPARATION

i. Nominal Interplanetary Trajectories

The range of asymptotic approach velocities v A with respect to

Mars is taken between 4 and 6 kmJsec. This range is consistent with values

of C 3 between 0.I and 0.12 x 108 meters2/sec 2 for launch dates between

November i0 and December i0, 1964 (Ref. i, Fig. i). C 3 is twice the geocen-

tric energy per unit mass.

The angle .__ measured clockwise (as viewed from north ecliptic
S -- f

pole) from the Sun-Mars line to the vector v A will vary between 20 and 40

degrees for the range of values for C 3 which were considered (see Appendix A).

2. Uncertainties

We assume that the spacecraft and capsule are on a "fly-by" trajec-

tory prior to separation. The altitude h of closest approach of the fly-by

trajectory to the surface of Mars is a sensitive parameter. Dispersions in

h on the order 105 km result from injection guidance errors (Ref. 2, p. 40).

After midcourse correction, the dispersion in h may be on the order

,.f 4000 km (Ref. 2, p. 39*). The dispersion is due to errors in pointing,

shutoff and velocity resolution. We have assumed that the 4000 km corridor

lies between h = 6000 and I0,000 km.

Next we will consider the requirements for a successful capsule

mission. Clearly a 4000 km uncertainty in h is unacceptable for carrying out

an impact on a planet with a radius of 3310 km. Presumably an approach guid-

ance scheme will be activated perhaps at a distance of 106 km from the planet.

This scheme, which measures the angle diameter of Mars at successive time

intervals, can be used to locate h to within a few hundred kilometers in the

corridor between 6000 and I0,000 km. In our study we have assumed that, if

no other errors were introduced, the 3ddispersion at impact due to errors

in the approach guidance scherae are _ 15 degrees in both latitude and longi-

tude.

* The numbers quoted in Ref. 2 pertain to a Venus probe, however, the dis-

persions should also b, representative for a Mariner B mission.
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The expected uncertainties in h are summarized below:'

Immediately after injection:

After midcourse correction:

Knowledge of h after use of

approach guidance:

h i'Jl05 km

h N8000 km + 2000 km

A h _ 500 km

The initial conditions for the approach "fly-by" trajectories are taken as

follows:

4 km/sec _ vA_ 6 km/sec

20 deg _dl < 40 deg
S --

6000 km _ h _ i0,000 km

We also assume that the capsule cannot separate from the bus at distances

greater than 3.2 x 105 km from Mars.

I

I

I

I
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B. IMfPAC T TRAJECTORIES

i. Parameters for Definin$ the Impact Trajectories

The initial conditions are taken in_nediately after the capsule

has been placed on an impact trajectory. We assume that the gravitational

field strength due to the Sun is uniform in the region of interest, near

Mars. Hence, we may regard the motion of the capsule as a simple central

force problem. We also assume that the potential energy of the capsule at

the initial point on the impact trajectory is zero. As a consequence, the

trajectory is (to a first approximation) independent of the position vector

from Mars to the initial position, and only five initial conditions are needed

to define the problem.

Let v I be the velocity of the capsule relative to Mars at the ini-

tial point and let s be the radius vector from the center of Mars to the

line of action of v I such that vl-s = 0. The six components of v I and s

completely define the orbit. The constraint, Vl.S = 0, reduces the number

of initi_l conditions to five.

2. Parameters in the Plane of v I and s

The geometry for motion in the plane of v I and s is given in Fig. I.

The subscript M denotes quantities at the surface.

J

Fig. 1 Geometry for In-Plane Motion
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vM is the magnitude of the impact velocity, 0M is the angle between vM and

the local vertical at impact and _ is the in-plane impact location angle

referenced to _i" The dependence of vM on Vl, and @M and _ on v I and s

is established in Appendix B. VM, 0M and_ are plotted in Figures 2, 3

and 4.

The error coefficients which relate small changes in VM, 0M and

due to v I and s are derived in Appendix B and are plotted in Figs. 2,

5 and 6.

3. The Velocity Change Vector vc

At some distance less than 3.2 x 105 km from Mars an impulse will

be imparted to the capsule. The capsule approach velocity vectors before

and after the impulse are denoted by vA and Vl, respectively. The vector

difference v I - vA is vC. The main purpose of vC is to reduce the angular

momentum _Z of the capsule (assume a unit mass) relative to Mars. Let

s--A be the perpendicular distance between the mass center of Mars and v-A

7A - __A is to_ as s is to Vl) and let r I be the distance between the mass

center of Mars and the point at which the impulse is applied. Then, since

VcS_<Vcrl, v-C should be applied approximately perpendicular to _i0 Since

Vc<_vA, v-C is approximately perpendicular to vA too. The angular momentum

_Z and vC are related as follows:

= -qv = - vo q

Since the altitude of closest approach h for a fly-by trajectory may vary

by as much as 4000 km, the desired value for _Z (as calculated from data

obtained from the approach guidance system) will be unknown until just prior

to separation. The implication is that _Z will be a variable, and that

either r I or vC must be capable of change. Thus two schemes suggest them-

selves; a variable impulse v C am a fixed r I or a fixed impulse vC at a

variable distance r The maximum value for v will be the same for both
I" C

schemes° if we assume that both _Vc/V C and 2_r I are the same for both
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schemes, then the variable vC scheme will, in many cases, produce smaller

errors in _Zo However, the maximum value for _Z will be the same for

both systems. From the viewpoint of system mechanization the fixed impulse

scheme is probably easier.

We define _A_ as the anglc between the nominal direction of -v I

and the actual (perturbed)direction of rM. The error coefficients which

relate small errors in _/L and @M due to _Z are derived in Appendix C

and are plotted in Fig. 7.

4o Errors Normal to the Nominal Plane of v I and s

Let xyz be a Cartesian coordinate system with origin at the mass

center of Mars. The x axis is parallel to the nominal direction to -Vl,

the y axis is parallel to the nominal direction of s, and the z axis is

normal to the nominal orbit plane as shown in Fig. 8. We are interested

in the effects due to the error sources Vlz and s Z. For small values of

Vlz/V I and Sz/S, the latitude error of the impact point is given by

where

s o% ;

These error coefficients are plotted in Fig. 9.

If the velocity change vector vC has an error component VCz = v I ,

the error sZ is given by Z

S;_ = _/V I where _y ------- _Ix _I_ _ -- J_l,

Then, if rl_ s, we have

_ _ " where _/_ _ -- &_
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C. CRITERIA FOR THE SELECTION OF NOMINAL TRAJECTORIES

i. The A_proach Trajectory Prior to Separation

We have assumed that the combined spacecraft and capsule are on

a Mars "fly-by" trajectory prior to separation and that an impulse is "imparted

to the capsule after separation to achieve capsule impact. This scheme differs

from the one proposed by Gates (Refo 3) of JPL wherein the combined vehicles

are initially on an impact trajectory and an impulse is imparted to the bus

after separation to achieve a fly-by trajectory. It should be pointed out

that the selection of nominal impact trajectories can be made independent of

the above consideration.

We have already pointed out that the expected angle __ between
S

the spacecraft approach velocity vector v A and the Sun-Mars line is between

20 and 40 degrees. First, let us consider the bus fly-by trajectory. The

question arises whether the bus should intersect the Martian orbit before or

after the pla_let (see Fig. i0). Presumably pictures will be taken from the

Fig° i0 Fly-By Trajectories Viewed from the North Ecliptic Pole
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1

I

K

J

i

I

l

bus as it passes near Mars. Since _/_ is expected to be positive, the
s

surface of Mars adjacent to a trajectory which passes behind Mars will be

better illuminated than the surface adjacent to a trajectory which passes

ahead of Mars.

If the capsule is to transmit to the spacecraft after impact, we

have another reason for selecting a fly-by trajectory which passes behind

Mars; namely, the capsule (on tlle surface of Mars) will rotate "towards"

the spacecraft. Gates (Ref. 3) shows that the capsule-hus communication

link will be interrupted for a period on the order of two hours and will

subsequently be open again for more than twelve hours.

On the basis of the above two considerations, we recommend that

only fly-by trajectories which pass behind Mars be investigated_

2. Three Sets of Nominal Impact Trajectories

Three criteria for selecting nominal cap sule impact trajectories

have been studied in detail:

= = c) s = 0a) _$ 30 ° , b) _ 0 °

The angle _ is measured counterclockwise from the Mars-Sun line to the
s

local vertical at impact° Trajectories typical of each of the three require-

ments are sketched in Fig. II. All are assumed to be launched from a bus,

fly-by trajectory which passes behind Mars.

The three sets of nominal trajectories are evaluated and compared

on the following factors; illumi_ation of the Martian surface) bus-capsule

communication link, atmospheric penetration, propulsion requirements and

error sensitivity.

3. Illumination Requirements

The angle _s is significant from the viewpoint of illumination.

Picture taking from the capsule may be divided into two distinct regions;

from a distance of approximately 104 km from Mars up to atmospheric entry,

and during atmospheric penetration.

Illumination of the surface during the first region should be ade-

quate for nearly all trajectories which impact on Mars for the reason that

-ills is not expected to approach 90 degrees (the unlikely case of a Hohmann

transfer). Thus _) is not particularly critical for this region of picture
s

taking.
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The final descent portion of the capsule trajectory through the

• is significantatmosphere will be along the local vertical The angle _s

because it is indicative of the illumination of the impact region. We have

assumed that a 30 degree illumination angle (_s = _ 30o) is ideal for taking

pictures of the impact region•

The first set of nominal impact trajectories are designed to satisfy

the nominal requirement _ = 30 ° , identically.
s

The second set of nominal trajectories (_s = 0°) all have direct

sunlight on the impact site and the shadow contrast is not ideal. On the

other hand deviations from the nominal impact site will improve the shadow

contrast.

The third set (s = 0) of nominal trajectories are not linked directly

(fv2 deg) we

for these

to _s o However, since the angle between the v I and L is small

have the relation _s -_ --/is" Whence, the expected range of _)s

I trajectories will lie between -20 and -40 degrees.

i 4. Bus-C_psule Communication Line of Sight

We assume that the capsule will transmit to the spacecraft rather

I than to the earth, directly° Hence, the angle _ between the local vertical

at impact and the capsule-bus line of sight vector F must not exceed 90 degrees

and preferably be less than 80 degrees (see Fig° 12).

5 _._ _ _ CP/q F T TY A_J,

"Fig. i_. Capsule to Bus Line of Sight Vector
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Of the three sets of nominal trajectories, which we are consider-

ing, the maximum value of _ is the largest (-_'75 deg) for the sets (s = 0),

and the smallest (_ 55 deg) for the sets (_s = 30 deg)o For all sets, the

maximum value occurs when v I = 4 km/sec and h = 6000 _an_ The analytical

development, upon which these conclusions are based, is presented in Appendix D.

Atmospheric effects were ignored in the above calculations. If we

assume that, using a parachute, the total descent time through the atmosphere

may be as long as 15 minutes, then the maximum values for _ for the sets

(s = O) may approach 90 deg. On the basis of calculations made in Appendix E,

we find that, if v I (for the capsule alone) is increased by .I km/sec, the

capsule time of flight will be

reduced by'_20_ minutes for v 1 =

_30_ -- 4

The increase in v I , but not in v A , may be accomplished by pointing v C

slightly towards Mars for the sets (s = 0). This represents a small penalty

in propulsion; however, it is a necessary maneuver to insure that_ will

not dip below the local horizon prior to impact.

If data is to be transmitted to the spacecraft after impact, as

discussed by Gates (Ref. 3), then the set of nominal trajectories (_s = 30 deg)

is preferable to the other two sets° The reason is that the time interval

for which_ is below the horizon is a minimum for this set.
F

5o Atmospheric Penetration

The heat transfer problem associated with the penetration of the

Martian atmosphere is not expected to be as critical as the corresponding •

problem associated with the penetration of the atmosphere of the earth.

Nevertheless, the relations between peak heating rate and entry angle @M'

and total heat absorbed and 0M should be considered when selecting nominal

trajectories.

, In general the peak heating rate will be a maximum when 0 = 0
M

(vertical entry) and the total heat load will be a maximum for grazing tra-

jectories. On the basis of heat transfer considerations alone, a vertical

entry would probably be preferred.
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Note that @Mis the velocity angle at impact and only approxi-
mately represents the atmospheric entry angle_

The third set (s = 0) of nominal trajectories are characterized

by 0M = 0.
The range of expected values for @Mfor the first two sets of

nominal trajectories (_s = 30 and 0°) may be obtained from the following
approximate relations

and

Here we have madeuseb_4_ee,ofthe approximate linearity between 0M and _ , and
the fact that the angle_v--Aand vI is relatively small° The values
maybe obtained from Appendix B. Using the above relations we obtain

= 30°39°___ 0M _ 60° when _s

_ -_-- 00

15° _ @M _ 34o when _s

for the range 20 °'_= __ _ 40 °. It is of interest to note that the range
S

of 0M studied by Gates (Ref. 3) was between 40 and 60 degrees.
The range of atmospheric entry velocities (approximately equal

to the impact velocities VM) is between 6.5 and 7.9 km/sec for all three

sets of nominal trajectories.

6o Propulsion Re(lu ir emen ts

I 'For each of the three sets of nominal trajectories the largest

required velocity change v C arises when both v A and h are the maximum

expected values; 6 km/sec and 104 km, respectively. For the first two

sets of nominal trajectories (_s = 30o and 0°), v C is also a function of

-_s" vC is maximized by selecting the minimum expected value for__Ls.
For the nominal trajectories (s = 0) we have

i Vcrl = VlSA(Vl,h)

For the nominal trajectories (_s = 300 and 0 °)
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where

s = s ('/_s' _)s) is plotted in Fig° 13.

SA= _(rM + h)2 + _M(rMvl2 + h)

rM is the radius of Mars

/_M is the product of the universal constant of gravitation

and the mass of Mars

Taking r I = 3.2 x 105 km we obtain the following maximum values for Vc:

v = .215 km/sec for _ = 30 deg
C s

• = 0 deg
v C -- 247 km/sec for _s

v C -- .258 km/sec for s = 0

In order to insure that the line of sight between the capsule and

the bus does not fall below the horizon during a "slow" penetration of the

Martian atmosphere, it was suggested that the vector v C be pointed slightly

towards Mars for the cases when s = O. It was shown that, if the component

of v C along v I were oi km/sec, the time of flight could be decreased by at

least 14 minutes° This reduction in flight time of the capsule is enough

to insure that the capsule-bus communication link is not broken prior to

impact° Thus for the sets of nominal trajectories (s = 0)

Vc(t°tal) = __(.258)2 + A(.1)2 =
°277 km/sec

7. Error Sensitivity

The impact parameter s is the critical quantity when comparing the

error sensitivity of the three sets of nominal trajectories• Normal impacts

are defined by s = 0 and are expected to be the least sensitive to errors.

The range of expected values for s for the first two sets of nominal trajec-

may Fig° and s istories be determined from 13. The relation between___s

given by
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where _ (Vl,S) is given in Fig. 4o

for the two sets _ 30 ° and 0 °= are given by:
S

3.05 "_ s(103 km) __ 4_20 when _ = 30 °
S

1.35 "___s(103 kin) ----_2.70 when _ = 0 °
S

From Fig_ ]_ the expected ranges for s

I for 20°__---_i _--- ZO °S

T_e maximum (positive or negative) expected values for all of the error coef-

ficients are tabulated in Table 1 for the three sets of nominal trajectories.

8. Summary Comparison of Nominal Traiectories

The essential characteristics of the three sets of nominal trajec-

tories are summarized and compared in Table 2.
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APPENDIXA

(by E. Onstead)

• Expected Values for__ s

The essential characteristics of an Earth to Mars trajectory

are defined by the geocentric energy (the energy of the spacecraft immed-

iately after injection taken with respect to the mass center of the earth)

and the launch date. Most of the critical parameters for low geocentric

energies and launch dates in November and December of 1964 are presented

in Fig. I of Ref. Io The asymptotic approach velocity vA is tie vector

difference between the heliocentric velocity u of the spacecraft and the

heliocentric velocity w of Mars (see sketch). The magnitude of vA as a

| _ _,_ \ _ z-
/ \i,z3,

I function of the geocentric energy and the launch dat is given in Refo I;_-'_ //'" e

I however, the angle __ between and the Sun-Mars line is not given.v As

I

I
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Using the data given in Refo 1 and taking the eccentricity of

the Martian orbit into consideration, we were able to determine _/_ as a
-, S

fund_ion of the geocentric energy and the launch date (see accompanying graph).

The curves were generated as follows. First the date of intercept was deter-

mined for a given geocentric energy and launch date by adding the time of

flight (from Fig. I of Ref. i) to the launch date. Using a standard ephemeris,

the Mars-Sun distance was determined for the date of intercept. The corres-

ponding orbit velocity w of Mars was obtained from the energy integral. Next,

the velocity of the spacecraft relative to the earth was added to the helio-

centric velocity of the earth to obtain the heliocentric velocity of the

spacecraft in the vicinity of the earth. Using the energy integral we could

calculate Uo Knowing VA, w and u, and using the cosine law we were able to

find _ so The inclination of the plane of the transfer orbit to the plane

of the ecliptic was not taken into consideration.

I

o

%

/0

0

IVt.VIo

Y

/

IV_v IS" Nov 20 ,4Icy 7f Alcv 3_

.J

I
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APPENDIX B

Motion in the Plane of v I and s

i. Notation and Geometry

,,z.>,_R,,,'_ZZE Z. Wo

v I - asymptotic approach velocity

vM - impact velocity

Vp - velocity at the perifocus

s - impact parameter

rM - radius vector of the point of impact (3310 km)

rp - radius vector of the perifocus

8M - angle between vM and -rM

%_ - angle between -V_ and rM

true anomaly of

TM - true anomaly of rM

pM - produce of the universal constant of gravitation and the

mass of Mars (/_M = 4.29 x 104 km3/sec 2)
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2. Relation BetweenvM and v I

m

The magnitude of vM is uniquely determined by the magnitude of

v I through the energy equation _.

I

Here we have assumed that the potential energy at the initial point is zero.

For small variations in v I we have

) v, v,=_t / vM

3. The Dependence of 9M Upon v I and s

$_$ The angular momentum of the capsule (we assume a unit mass) about

ao A through the mass center of Mars and normal to v I and s is a constant

equal to VlS. Whence,

•-,it,5 ) (3)

For small variations in v I and s (we must remember that vM

dependent upon Vl) we have

is functionally

- J /
2 v, v, _,, ) k _ v,s I

(4)

= E L t J
(5)

4. The Dependence of _ Upon v I and s

Using the energy and momentum integrals, we may express Vp in

terms of v and s:
i
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The eccentricity e and the semi-maj,or axis a of the impact hyperbola are

given by

v,3_ . .- + / _ =//I_

The angle _ is equal to one=half of the "scattering" angle between the

incoming and outgoing asymptotes of the hyperbola. Thus

s '
The true anomaly "_M

hyperbola:

Finally,

of rM is obtained from the parametric equation of the

Observe that, when -V" M is zero, the hyperbola is tangent to the surface of

Mars.

When_ is plotted against @M a surprising r_sult is obtained;-_

appears to vary linearly with OMO The slopes _ /_ are independent

of s and vary with Vl:

I 1.29 for v I = 4 km/sec
_ 1o21 " v I = 5 km/sec

f_1 1.17 " v I = 6 km/sec

The linearity is only approximate.is zero when 8M is zero. One can

show that

V _

where v is the instantaneous velocity along the path. Using an average

value for v one can rationalize that _ /a_fwill approach 2 as v I

approaches zero and _/_! will approach i as v I approaches infinity.
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The approximate linearity, which was established emperically, can

be used to obtain error coefficients for _ due to _Vj and _S _.

(8)
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APPENDIX C

Error in the Magnitude of vC

An error _v C produces both an error in the velocity angle 8M

and in the angle coordinate J_ of the impact point (in the plane of the

nominal impact trajectory)_ The geometry is shown below for a negative

r

_, ,_#Au.£t. "To _ .

- _ p_._

v i and s' refer to the perturbed values of v I and so

between .J[ and_ o From the above figure

where

Note the distinction

=

from Fig. 6o
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S imi lar ly

where _I I _£_ is given in Fig° 6.
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APPENDIXD

(by E. WoOnstead and J. L. Arsenault)

Time and Position Relations at Impact

The problem, which we have considered, is to determine the angle

between the local vertical and the capsule to bus line-of-sight vector 7

at impact. We have assumed that the approach velocity magnitude v A of the

spacecraft is equal to the approach velocity magnitude VI of the capsule_

We proceeded as follows:

I. The difference in time between the events of "capsule at perifocus"

and "spacecraft at perifocus" was determined by treating the cap-

sule trajectory as a nominal path and the spacecraft trajectory

as the perturbed patho The appropriate error coefficients were

determined from Lambert's theorem for hyperbolic trajectories

(Refo 4).

2. The hypothetical time interval to travel between the impact point

and the point of closest approach on the capsule trajectory was

determined from Kepler's equation.

3. Again using Kepler's equation, the location of the bus on the

perturbed trajectory was determined for the instant of capsule

impact.

The determination of the error coefficients from Lambert's theorem (step i)

is the critical step° The time of flight from the initial point to the peri-

focus is given by

where

where r 2 is the radius of perifocus, rl, C and a are defined in Appendix Eo

Both r 2 and C are treated as variables°
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However, _ C is expected to be much less than

_,- _/_-_f-__--' _L a.__,,,X77
The second partial of t

_r 2. Therefore,

1 with respect to r 2 is identically zero.

I
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APPENDIX E

Change in Transit Time Due to _v I

Let tI be the time interval between thrust termination (for Vc)

and impact on the Martian surface° We will assume that the path of the par-

ticle is rectilinear, that is, s = 0o Then t I is given by Lambert's theorem

for hyperbolic orbits (Ref. 4):

where

/_ / V C+_ -_

rI is the distance from the center of Mars to the initial point

r1_ is the distance from the center of Mars to the impact point

C is the distance between the initial point and the impact point

= --_/_///_2. (2)
/

It is reasonable to set rM = 0 since the hypothetical time of flight between

the surface of Mars and the center of Hars is at least an order of magnitude

I less than tl_ With this simplification

I

/ ,,--
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Thus, equation (I), reduces to

From equations (2) and (3) we have

where

(3)

(4)

(s)

_a = -2 f---_ (6)
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lntra-Company Communication

TO:

FROM:

SUBJECT .o

J. Housego

Ao A. Gammal

Marlner-B Capsule Entry Trajectories

AERONUTRONIC DIVISION

24 October 1691

cc: Distribution

Io INTRODUCTION

A study has been made to determine the effect of the ballistic parameter,

m/CDA (symbol list in appendix), and the various postulated Mars atmospheres on
entry trajectory characteristics of the Mariner-B capsule. The intent of the study

was to provide a basis for specifying an acceptable m/CnA , or range of m/CnA , and

providing the trajectory information required for structural and thermodynamic

design of the capsule and defining of the constraints within which the capsule

experiments must be carried out.

Three of the five postulated model atmospheres presented in Reference i,

B, C, and E, were considered in this study, it being assumed that these three would

impose the most stringent design requirements upon the capsule. The density and

temperature variation with altitude of these three atmospheres is presented in

Figures I and 2 respectively. The constants _o and _ used in the expression for
= e Ph

density, _ _o " , are given in Table I, together with the speed of sound.

Iio DESIGN m/CDA

The first phase of the study attempted to determine the bounds upon design

m/CDA , the primary criterion being capsule flight duration from M = i down to
impact (M = I being dictated by picture quality considerations). Though the duration

required for adequate picture taking of Mars during the terminal portion of the

entry trajectory was rather tenuous, the minimum feasible value was taken to be of

the order of iOO seconds. Consideration was to be given to both a capsule that

would survive the impact and one which need not.

A summary of pertinent trajectory information is presented in Table II

for Atmosphere E, a nominal entry velocity of 22,000 ft/sec (at an altitude of 106 ft),

entry angles of -20, -40, and -90 ° , and m/CDA = I, 2, 4. Variation of subsonic
flight duration as a function of m/C_A is presented in Figure 3. Choice of m/C_A

u
values was made on the basi_ of an assumed capsule weight of 250 pounds, possibl_

!

packaging densities, and a relatively high drag configuration. It is to be noted

that an entry angle of -iO ° did not allow direct impact, i.e., impact in less than

one orbit about Mars.

-I-
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It is apparent from Table II and Figure 3 that an m/C_A of one for the
D

basic capsule would yield approximately the desired subsonic f11ght duration for the

worst possible entry angle condition, however, m/C_A cannot be much greater than

one if no auxiliary drag device, such as a parachute, is used. Even if a parachute

is used, m/CDA still cannot much exceed one, for with M = 1 occurring at 52,000 ft
for m/C_A = I but onl_ ii,000 ft for m/CDA = 2 (entry angle = -90 ), a subsonic

parachute may be deployed at a reasonable altitude only if m/CDA is not much

greater than one. A supersonic parachute woul d involve added complexities over those

of a subsonic chute, including that of weight.

For the capsule that must sur4ive impact, an m/C_A = I yields a reasonable

impact speed of 312 ft/sec. It should be noted, however, _hat the values presented

involve a certain degree of approximation in that the trajectory computations

assumed constant mass and constant C D throughout entry.

Capsule size considerations and mating of the capsule to the spacecraft

indicate that m/CDA cannot be much less than _ne.

In view of the above, m/CDA = 1 was taken as a nominal (within close

tolerances) design specification for the remainder of the study. Trajectory

characteristics for m/C_A = I, entry angles of -20 ° and -90 ° entry velocitv of
[_ • , .

22,000 ft/sec, and Atmosphere E are presented in Figure 4. It may be seen from

Figure 4 that increasing the Mach number at which pi£ture taking is initiated has

limited value in increasing picture-taking time, for such time is increased by

only 13 seconds if Mach number for picture initiation is increased from one to

two for an entry angle of -90 ° .

III. EFFECT OF ATMOSPHERE ON m/CDA

An investigation was made to determine what effect the existence of an

atmosphere other than "E" might have on tile picture-taking experiment and the

required m/CDA . Tlle comparative results for Atmospheres B, C, and E are presented

in Table III for the worst possible situation relative to entry angle (-90 ° ) and

entry velocity. A value of 26,000 ft/sec was chosen for the latter rather than

the previously used 22,000 to allow for a greater latitude in spacecraft launch
date.

Of the three atmospheres, "B" is the most critical from both the stand-

point of flight time below M = I, 94 seconds, and altitude at which M = i, 38,500 ft,

possible parachute deployment altitude. Impact velocity is not much different for

Atmosphere B from that for "E" and is even improved in the case of "C", from the

standpoint of capsule impact survivability.

The "most probable" subsonic flight time duration is in excess of 94 seconds

inasmuch as the 94 results from the worst possible set of circumstances (presumably)

Consideration of the data in Table II and comparison with those of Table III indicates

that the degree by which the "most probable" time exceeds 94 seconds depends

primarily on the "most probable" entry angle, for the time is quite sensitive to

entry angle, definitely less so to atmosphere--2 of the atmospheres, B and E, giving

relatively similar results--and insensitive to entry velocity.

-2-
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IV. A REITERATION ON m/CDA

A further investigation was made to determine the sensitivity of the

subsonic flight time duration to m/C_A for m/C_A less than one and for the "worst"

conditions: Atmosphere B, entry angle of -90°_ entry velocity of 26,000 ft/sec.

The result is the curve presented in Figure 5.

V. VARIABLE C D

Entry trajectory characteristics heretofore obtained were based on the

assumption of constant m/CDA, To evaluate this assumption, trajectory computations

were made for the current capsule design, employing a 47-inch body, and for a

similar one having a 53-inch body. The estimated drag coefficient (Figure 6) used

in the computations was that presented in Reference 2. Capsule mass at entry was

taken to be 8.35 slugs (269 ibs), the latest esti1_te available; mass was assumed

constant throughout the entry trajectory.

The subsonic flight time durations for the two capsule sizes considered

are shown in Figure 5. Corresponding m/C_A values were taken to be those for the

high-speed flight region and were based o_ a C D of .72, to allow comparison with the

constant m/C_A results. Whe D a variable C D Is considered, its substantially lower
average in t_e subsonic compared to the hypersonic speed range produces a marked

decrease in picture-taking time--from 99 to 74 seconds for the 47-inch capsule.

For the same capsule, impact velocity rises from approximately 310 ft/sec to

456 ft/sec. A 53-inch diameter body Would give a picture-taking time of iO1 seconds

under the "most adverse",conditions, including actual CD, and an impact velocity of

406 ft/sec.

REFERENCES

i. Blifford, I II : Mariner B Capsule Study, Memo dated 9-28-61.

2. Stimpson, L.D.: Mariner B Capsule Aerodynamic Coefficients.
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R. Nagorski

T. Neumann

J. Oslake

D. Rodriguez

L. Stimpson
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APPENDIX

LIST OF SYMBOLS

a

a t

A

CD

ge

h

m

M

q

t =

V =

# =

b

= capsule mass

= Mach number

= dynamic pressure

time

speed of sound

tangential acceleration

capsule drag reference area

capsule drag coefficient (at zero lift)

earth gravity constant, ge = 32.2 ft/sec 2

altitude

veio_ity

atmospheric density decay parameter,

flight path angle

density

zero-altitude intercept of

_/ ----e
o

in - vs h for specified altitude range

subscript

E denotes "entry"

I
i

-4-



ATMOSPHERE
MODEL

B

C

TABLEI

MARSATMOSPHERECHARACTERISTICS

10-3 h _o__ I04_9
ft slu$/cu ft per ft

a

ft/sec

45-1OOO 4.30 O241 885

0-45 2.70 O.1380 1OO2-885

70-1OOO 14.OO 0.342 750

0-70 4.30 O.1740 965-750

O-iOOO 2.70 O.1697 I000

-5-
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TABLE II

TRAJECTORY CHARACTERISTICS - EFFECT OF m/CDA

Atmosphere E hE = 106 ft V E = 22,000 ft/sec

-20

-40

-9O

m/CDA th= ° th= ° t 10 -3M= 1 hM= 1 qma x

slug/sq f"t se----_ see ft

i 513 240 118 306

2 422 131 78 580

4 366 55 38 1052

I 292 181 79 937

2 _ 186 73 39 1844

4 114 - 3617

1 186 118 52 1570

2 84 14 ii 3152

4 54 - 4633

Vh= o

ft/sec

312

459

676

312

456

1038

312

625

3154

-6-
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TABLEIII

TRAJECTORYCHARACTERISTICS- EFFECTOFATMOSPHERE
\

hE = iO6ft V E = 26,000 ft/sec YE = -90o m/CDA = I slug/sq ft

. a
ATMOSPHERE th= ° th= ° tM=l IO-3hM=l qmax tmax Vh=o

MODEL se__c__c see ft psf __$e__ ft/sec

E 173 112 49.5 2137 -66.0 312

B 149 .94 38.5 3017 -93.2 310

C 198 145 47.8 4347 -134.7 244

I

I

i

i

I

I -7-
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AERONUTRONIC DIVISION

lntra-Company Communication 30 October 1961

TO:

F ROM :

SUBJECT :

REF. :

J. Kemmerly

A. A Ca n_na

Mariner B Capsule Entry Trajectories

(l) (,ammal, A. A., Hari:wr B Capsule Entry

Tra j,'ctor i,,s , 10/24/61.

(2) Blifford, I. |1,, M,lrincr B Capsule

Study, 9/28/61.

cc: R. Aue lmann

M. Boobar

R. Fos tcr

S Lampcr t

F Losee

R Nagorski

T NeumanL1

J Os lake

D Ro dr igue z

L Stilnpson

The Atmospheres B, C, and E considcr_d in the study described in Refer,.mce 1 were

said, in that reference, to i_av,, be_.n ch,_;cn fr,,m a_,ng tim five of Rcfer,,nce 2 on

the assumption that B, C, and E "wct:ld imp_se t!_.e :_._t stringent requirements upon

the capsule" This assumption, itself, tacitly assurlcd that Atmospheres A and D of

Reference 2 i.ndicatc a surface d,..usitv of myth l_,ss probability than t!_ose indicated

by Atmospheres B, C, and E

If all five atmospheres are assumed ,.qually probable, the atmosphere which imposes

tile most string_:nt requirc:m,nt rclatiw, t_ subsoni_c fli-<ht duration (picttTre-taki.ng

time aw_ilablc) is Atmosphere D. For the ',7-inch capsule, considering wlriablv drag

coeffici,_,nt (Figure 6 of Rcf. I), At:_osphcre D yields a subsonic fli,4ht duration of

only 29 seconds as againsC 74 second_, the n_inimum vi_,lded by the at'uospheres

considered in Reference 1. Ii:_pact velocite ilwr_,as_:s to 648 ft/sec from a maximum

of 456 ft'sec. Altitude at which the Hach uumbcr [s one dr'creases to 2i,9OO ft frown

38,500 ft, thereby aggrawtting the problem of dep[oyitlg a parnchut,,, should one be

used.

AAG: cyl

r
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AERONUTRONIC DIVISION

Intra-Company Communication 24 October 1961

TO :

F ROM :

SUBJECT :

REF. :

D. Rodriguez

L. D. Stimpson

Mariner B Capsule Aerodynamic Coefficients

Memorandum AD-OI7, October 17, 1961

CC: R Auelmann

M Caldwell

R Foster

A Gammai

J llousego

J Kemmerly

S Lampert

T Neum_nn

Aerodynamic coefficient data have been derived for the latest Mariner B

capsule described in the above reference for a range of Mach numbers and angles-

of-attack. Principle use was made of the llyper-Environmental Test System (HETS)

wind-tunnel data given in Aeronutron,ic Publication Nos. U-816 and U-826, and by

Newtonian theory for hypersonic flow with a complet_ range of angles-of-attack,

courtesy of R. V. Warden. Comparison with the aerodynamic data previously known

for a sphere and flat plate, enabled some modification of the HETS (15 ° aft cone

bo_y) aaLd ...... _ ......._ -esent the Mariner B capsule (iO ° aft c_me and a

blunter nose) for the stability investigation. Although some reference has been

made to classified NASA reports for directi_m, it has been ascertained that the

data presented here is unclassified.

The HETS data provided an in_nediate source of aerodynamic coefficient data

over wide ranges of both M and _ , not easily found from other sources. Howew_r,

reference to Publication No. U-826 indicated that a subsonic drag coefficient of only

about one-tenth existed; and reference to Newtonian theory indicated an axial force

coefficient of about one-half exist_d at hypersonic velocities. Since t!Le point-

mass trajectory studies demonstrat_,d n need for an m/C_A of the order of unity"

which, with a w_ight of about 300 ibs, requires a capsule base diamt_ter of about

fort_ inches, using C D = I. "l'i_eHE'fS aw_ragc C D is luor__ like O. 3 whici_ would

almost double the dia_.t_,r to eighty inches and prohibitiw_ly increase the

structural weight. Witil thc_ aid (_f the NASA TM X-467 and TM X-507 r_,port,_, it is

seen that blunting the body will increase the hyp_rsonic axial coefficicl,t to about

3/4 for the latest design. Blunting any further undoubtably will aggravate the

stability problem at subsonic velocities.

Figure i shows the estit:_at_d axial force coefficient as a function _f

Mach number, failing be.tw_,en the HETS data and the spi_ere drag (Charters and Thomas,

J.A.S., pp. 468-476, October 1945 and Hodg_s, J.A._., pp. 755-758, October ]957).

Figurt 2 indicates the manner in which th_ _ axial co_,fficicnt varies with angle-

of-attack. The subsonic behavior was given in U-826 up to about 25 °, being

extrapolated to a C_ = -1.5 at O_ = 180 (f_ = -l.5/O.J = -_, negatlve because
- O _ _ _ ;

ol a 180 rotation of the axis. C_ for a flat plate _ 2: Goldstt_in, Modern

Developments in Fluid Dynamics, VoW. ], pg. 37). The hypersonic behavior of the

-I-
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axial coefficient with _ is given by Newtonian theory, with the base pressure

included in an approximate fashion.

-2-

Figure 3 shows the normal force coefficient dependence upon Mach number

(lift at GK, = O). The HETS data are from U_826 (subsonic) and from Newtonian

theory (hypersonic), being faired through an expected maximum around M = i. The

Mariner data were extrapolated from this and consideration for the blunter nose,

resulting in lower lift at small O_. Correlation with pitch moment data tends to

substantiate the choice shown.

The digital computer program, for a symmetrical spinning body, entering

the Martian atmosphere, utilizes the body axis system of axial and normal forces.

It develops the pitching_gment through multiplication of the normal force by the

lever arm between the__-of-pressure. The c.g. has been estimated at about

45% of the length, from the nose. • Figure 4 shows the estimated c.p. shift with

Mach number for the Mariner vehicle; it doesn't shift much with _ except close to
180 ° .

The analog computer will use only a one degree-of-freedom (non-spinning)

system, i.e., angle-of-attack; thus requiring only pitch moment data. This is

obtained by multiplication of normal force data in Figure 3 by c.g.-c.p, data in

Figure 4o The pitch moment coefficient data are presented in Figure 5 and compared

to both HETS and sphere data. The HETS moment data were increased by a ratio of

Mariner to HETS c.g.-c.p., where the HETS c.go is at the 50% point. The sphere

c.g. was assumed at the 30% poin_ for comparison, which would be quite difficult
to achfeve.

The dependence of normal force and pitching moment upon _ is seen to be

nearly sinusoidal in Figure 6 (sine dependence is correct for the sphere moment).

For the small angle linear theory, f(_) becomes simply O_, which is seen to be

fairly adequate up t° 20 or 30 degrees. The HETS normal force dependence falls

below the pitching moment (Newtonian theory), however the upper sine-like curve is

suggested •for both normal force and pitching moment on the Mariner vehicle, since

the normal force was already reduced in Figure 3 (blunter shape Consideration).

Figure 7 is an estimate of the pitch rate damping coefficient as a

function of Mach number, where _ will be approximated by _ in the analog solution.

Figures 8 and 9 are regraphs of the normal and axial forces as two-parameter

families of M and _ for convenience of digital input. The abrupt change from

subsonic to supersonic behavior has been smoothed in _igure 9.

For purposes of stability investigation, emphasis is placed upon accurate

representations at low Mach numbers with small angles-of-attacko Only approximate

representation is necessary at the higher Mach numbers and large _ ; similarly

for pitch rate damping since it is an integrated effect and is relatively small

compared tQ the exponentially increasing atmospheric density and dynamic pressure

variation.

LDS :cy I
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AERONUTRONIC DIVISION

lntra-Company Communication 15 November 1901

TO: J. Kem.unerly (2) cc: R. Auelmann

A. Gamma l

FROM: D. Rodriguez S. Lampert

T. Neumann

SUBJECT: Mariner B Mars Atmospheric Entry - Dynamic Stability L. Stimpson

The an:_le of attack conver_','nce of the Mariner B capsule during M_rs

atmospheric entrf has been examined. ['}u_ maximum an_les of attack experienced by

the vehicle during the periods of peak heating and peak d,eceleration are of concL.rn

from the points of view of h_.at shield and structural design. The angle of attack

history is also of int_rest in \'Jew of the possible influeuce of the oscillatory

motion of the w_ILiclc on c×pcrimental mission feasibility or requirements during

the d.csc-_nt.

The angle of att,_ck hist_ry was computed on the Aeronutronic IBM 709 digital

comnut_,r. An a'ppro__qiln:_t_, _-d.,_r_,e of freedom rotational motion pro%ram was employed

for the stability calculations. This program computes the rot_tional or angular

(pitch and yaw) motion of a body traversing a point mass trajectory. The dynamic

pressure-, Hach numb¢,r-, velocit\-, ;lnd altitude-tLme hist,_rie_ are provided by the

output of a separatelv comput,,d point mass trajectory. The approxi:nation inh_q-ent

in the uncoupling of the point mass and rot:_tional motion equations (implied in the

previously _ndicated computntion sclu_u>e) shot:ld be acc_,ptable where only the angle

of attack t'nvelop<, is sou;d_t as :_n indication of w_hicle stability, and precise

calculation of the influt_nce of vehicle attitude history on the point mass trajectory

is not of interest. This arvtun_.nt is reinforc<_d by tlu, unaw_idabl,, presence at

this time and at tilis point of the study t,f a number of rather ui_vv.rtain aspects in

the input quantities for tile computation, and also by the consideration that only

a 1oreliminarv assessment of the dynamic stability of the vehicle during Flats entry

is desired here. A spherical non-rotating mod_] of the planet Hats was considered

adequat_e for these purposes. Gas dynamic coefficient data for the MarinL, r B capsule

was developed as a function of Hach number and of angle of attack*. This d,evelopment

is presented in the memo "Mariner B Capsule Aerodynamic Coefficients", bv L. D.

S t impson.

The capsule, is consi(tv.r_d t_ l_nw, an a::is of nominal rotational symmetry (also

the nominal spin axis) wbici, is, of course, the geom_,trical rcf{,rvnce for

_ , t 1 .specifying an:;le of at a(',.

-12-
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Mariner B Mars Atmospheric

Entry - Dynamic Stability -2- 15 November 1961

Computations have been made using Atmosphere model E* for a trajectory

entry angle of 90 ° (vertical descent), an initial angle of attack of 90 ° , a

representative entry velocity of 22,000 fps, and a spin rate of iO rpm. The

following parametric variations were introduced.

(a) The estimated damping coefficient was reduced by a factor

of ten in an attempt to indicate the possible influence

of uncertainties ii_ the estimated damping on the assess-

ment of vehicle dynamic stability.

(b)

(c)

A case was run with the damping set equal to zero in order

to establish a reference for assessing the sensitivity of

the dynamic behavior to the effects of damping.

The spin rate was increased to iOO rpm to indicate the

effects of high spin rates on angle of attack convergence

during entry.

(d) An angle of attack history was run for a higher entry

velocity of 26,000 fps.

(e) To indicate the effect of changes in the atmosphere model,

the model characterized by the lowest dynamic pressures

associated with the point mass trajectory at higher

altitudes (above say 150,OO0 ft**) was selected--since no

point mass trajectory was available for Atmosphere C with

an entry velocity of 22,000 fps, the computations were made

for the case of an entry velocity _of 26,000 fps.

(f) The initial angle of attack was increased to 135 ° .

(g) Finally, computations were made for an entry angle of

20 ° , varying the damping.

i

In all cases a roll moment of inertia of 15 slug ft 2 and a pitch moment

of inertia of iO slug ft 2 with a 47 in. base diameter were used. The computations

were started at about 800,000 ft. Point mass trajectories based on a mass-drag

parameter m/C_A = i were used. Since the terminal dynamic pressure is dependent

only on the vehicle weight (Mars weight) to drag parameter, the essential influence "

of variable drag effects is merely to change the subsonic flight time. The results

are presented in the form of tota_____langle of attack envelopes vs. altitude.

[

Atmosphere model E was chosen mainly on the basis of the available selection

of point mass trajectories.

The gas dynamic pitching moment, largely responsible for angle of attack con-

vergence _ to peak heating and peak dynamic pressure, is proportional to

dynamic pressure, q. The effect of damping is also proportional to q; every-

thing else being the same (including descent time).

-13-
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ABSTRACT

A study has been made of some of the aerothermodynamic con-

siderations associated with entry into the Martian atmosphere and the

heat shield requirements for such entries.

Previous investigators have concentrated on the determination

of convective heat transfer rates. However, real gas effects, including

their influence on radiant heat transfer and the characteristics of the

plasma sheath, generally have been ignored. This investigation shows that

radiation can contritube significantly to the total heating at the

stagnation point for high angle, high velocity entry trajectories be-

cause of the CN which may be formed in the shock layer. A Mollier diagram

and equilibrium concentrations of CN for an N2-CO 2 system which typifies

the reported Martian atmosphere are presented.

Convective and radiant heating rates for different entry

velocities and angles are compared. Stagnation point electron densities

and collision frequency values for the plasma sheath also are reported.

After an analysis of the effects of uncertainties in the atmospheric

properties (e.g., density gradients, composition, etc.) on entry heating,

the requirements and criteria for the selection of a heat protection

system are discusse_. The study concludes with a preliminary heat shield

design for a capsule capable of entering the Martian atmosphere.
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SECTIONI

GENERALCONS IDERATIONS

The design of a heat protection system for entry into the

Martian atmosphere at first glance might appear to be a fairly routine

task. Inasmuch as the surface density is reported to be an order of

magnitude lower than that of the earth, the heat fluxes should be

lower. Also the apparently inert atmosphere, alleged to consist mostly

of nitrogen, should present a minimum of "real gas" problems.

A second and more careful look, however, discloses a number

of factors which complicate the aerothermodynamic analysis. These

include the real gas effects arising from the interaction of the nitrogen

and carbon dioxide in the Martian atmosphere and their influence on
radiative heat transfer and the transmission characteristics of the

plasma sheath. The ultimate selection and design of the heat protection

system will be influenced by these considerations plus those constraints

imposed by uncertainties in the initial conditions and the atmospheric

constants. These uacertainties include such inputs as the entry angle,

entry velocity, density and density gradient of the atmosphere as a

function of altitude, and the composition of the atmosphere; factors

which usually are known with reasonable certainty for terrestrial

reentry.

-i-



SECTION 2

ENTRY HEATING

The instantaneous entry heating rate is comprised of the net

convective flux, qc' plus the net radiative flux, qr" The total heat

input per unit area, Q, over a given trajectory is equal to:

Q

t

= j(qc + qr ) dt

o

2. i CONVECTIVE HEATING

Applying the theory of Lees I, it can be shown that at the

stagnation point:

where

qcs

POO s

Vo ° m

V E =

gC

J

h
w

w1- 1.9 x 10-8 ½ - 1.395 2gc J

VE 2

free stream density, slugs/ft 3

free stream velocity, ft/sec

entry velocity, ft/sec

noise radius, ft
2

universal gravitation constant, 32.2 ft/sec

mechanical equivalent of heat, 778 ft Ibs/BTU

instantaneous wall enthalpy of the gas, BTU/Ib

-2-



The turbulent heat transfer rates, _ct, at the point of maximum
heating (P/P - 0.6) has been shown to be2:s

_ct -- 1.54 x iO-7 _ "
RNO.2 VE2

and

h # O 1.395 2gc J hw
w i -
s VE

h t _ O 1. 705 2g c J h1 - w
2

VE

The convective heating on the skirt at the sphere-cone inter-

section can be computed as follows:

qskir t = k qmax

The variation in k as a function of the cone half-angle is as follows:

e klaminar kturbulent

IO° O.18 0.40

15° 0.23 0.45

20° 0.28 0.54

In order to establish the most critical convective heating

trajectory, it is necessary to determine the combination of entry

conditions that produce the most adverse entry environment. If the

preceedlng convective heating equations are combined with equations

describing the motion of the vehicle, the heat rate and total heating

can be expressed in terms of the entry conditions, the ballistic para-

meter and the atmospheric constants. Since the entry angles of

interest in this study were greater than iO°, the vehicle trajectory

is adequately described by the analyses of Reference 3. The combination

-3-



of the heating and motion equations results in the following cold wall
heating equations 4-6. It should be noted that at the lower entry angles,
the assumption of a constant entry angle implicit in the trajectory
analysis is in error, and the parametric expressions underestimate the
actual heating.

where

When

(mlCDA) sin e E
= 7.2 x 10 -9 VE 3_s

qs = maximum stagnation heat flux, BTU/ft 2 sec
-i

= atmospheric density gradient, ft

m/CDA = ballistic coefficient, slugs/ft 2

V E = entry velocity, ft/sec

eE = entry angle

RN = nose radius

where

PO

(mlCDA)sin eE
> 6

= lugs/ft 3
Po sea level density, s

Similarly,

Qtotal stag

• i

qturb max

(m/CDA) 1½

3.6 x 10 -8 LR N _sin ezj vz2

]0.82.s x t0"7 _ (m/CDA)sin ez
0.2

and

Qtotal turb
= I x i0"6

(m/CDA)O'8

(RN_sin eE)O'2 VE2

-4-
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Therefore
qs 3 x 10-2

qt
max (RN si.ez m/CDA)O'3

and

Qstag . 3.6 x 10-2

Qturb max [RN_sine E (m/CDA)]O'3

These relationships were applied to calculate the instantaneous

and integrated convective heat fluxes. Figures la, ib, and ic show the

instantaneous heat fluxes for the following typical trajectory conditions:

mlCDA-1

RN- I ft

- O.17 x 10 -4 ft -I (Arm. E) and 0.324 x 10 -4 ft-I (Atm. C)

VE = 22,000 ft/sec and 26,000 ft/sec

e - 90 ° and 20°

2.2 REAL GAS EFFECTS

Real gas effects must be considered in the aerothermodynamic

analysis of Martian entry inasmuch as they significantly influence the

radiant transport and communications during the entry period.

a. Molller Diagram

Inasmuch as the real gas temperature is a parameter common to

radiation, electron density, and collision frequency computations, the

first step was to generate a Mollier diagram. An "average" Martian

atmosphere consisting of 1.9% CO 2 and 98.1% N 2 by volume was selected
as the basis for the chart and the resulting P-H-T-S equilibria con-

ditions for this atmosphere are shown in Figure 2. The effect of varying

the composition of the atmosphere was investigated at two pressures for

one temperature. The results were as follows:

-5-



Species

CO 2 N Pressure Temperature Enthalpy Entropy
(7.) _ , _atm._ tOE) (BTU/ID) (cal/_m °K_

0.7 99.3 1 4500 2367 2.42

1.9 98.1 1 4500 2389 2.44

7.2 92.8 1 4500 2482 2.48

0.7 99.3 IO 4500 2318 2.25

1.9 98.1 IO 4500 2335 2.27

7.2 92.8 IO 4500 2395 2.31

The data were obtained by employing the Aeronutronic IBM-709

Free Energy Method Program for equilibrium compositions. Eqilibrium

data 7 for nitrogen are superimposed on the chart for comparative purposes.

b. Entry Communications Parameters

The computation of the entry communications parameters under

quasi-steady state conditions (i.e., electron densities and collision

frequencies) requires a knowledge of the boundary layer and shock layer

temperatures, pressures, and species concentrations. Given a trajectory,

the real gas temperatures and pressures at the stagnation point can be

obtained readily with the aid of a Mollier diagram. This has been done

for a typical trajectory and the results are shown in Figure 3. Tempera-

ture and pressure distributions at the skirt and in the wake are shape

dependant and ultimately require the development of a flow field. The

angle of attack, if any, the oscillation frequency and amplitude must be

considered. The effort indicated was beyond the scope of this preliminary

study.

The other parameter required for computing electron densities

are the species concentrations. The computer program, which obtained the

thermodynamic input data, also printed out the equilibrium concentrations

of over 20 species for each temperature-pressure input point. The time

available 6id not permit these data to be graphed. However, inspection

of the data indicated the presence of significant concentrations of

carbon vapor and NO. These species have relatively low ionization

potentials as compared to the bulk of the gas (which consists primarily

of N 2 and N) and would contribute significantly to the electron density

concentrations at "low" temperatures. On the other hand, because of the

relatively "high" temperatures (_45OO ° K) and the limited time available,

an "average" ionization potential of 14 e.v. was selected rather than to

examine the contribution of each species separately. Thus, the lower limit

-6-



on the equilibrium, stagnation point electron densities was obtained,
using the methods described in References 8 and 9 for the trajectory
employed in Figure 3. The data are plotted as a function of time and
altitude in Figure 4. The electron densities encountered for this and
other trajectories (eE = 20° and 90° , and VE = 22,000 and 26,000 ft/sec)
indicate a probable transmission blackout (based on stagnation conditions)
from altitudes above 800,000 ft to below 150,OOOft. It should be noted
that conditions on the skirt and rear probably will not be as severe.

2.3 RADIATIVEHEATTRANSFER

The computation of the radiative heat transfer includes the
consideration of a numberof real gas effects. However, because of the
nature of the results and their implications, radiative heat transfer
will be treated separately.

The radiation heat input to a vehicle from the gas cap can be
defined as:

qr = _e OT4g

where
m

g
o =

T =

absorptivity of the surface

effective emissivity of the gas cap
Stefan-Boltzman-constant

temperature of the gas

The effective emissivity of the gas cap, c , represents the
summation of the emissivity of all the significant s_ecies contributing
to the radiation at the temperatures encountered ( g6 - iZ.c i). Thus, the
species resulting from the interaction of CO2 and N2 were examined for
their radiative contribution. Typical of the 24 species were: (a) 02(S-R)
and NO_ and _ of the broad band system, (b) CNred and violet, N2 second
positive, N2 first positive, N2+ first negative, CO, NOvibration-rotation
and CO2 of the semi-sharp band systems, and (c) O, N, NO, A, 02, N2, N+,
O+ of the Kramers class. Carbon was not considered.

Over the range of temperatures and pressures of interest the
radiation contributed by CNred and violet was dominant. The emissivity
per unit length (ei/_) for each species from one side of an optically
thin plane, as well as the coefficient for each species, have been given
by Kivel and Bailey. IO Thus for CN

-7-



and

5 x 102 41(_/_)red = XCN(P/T) 1.365 x 102 [_I3OOO/T (T x iO-4)

(e/_)violet - XCN (F/T) 1.365 x 102 L_36OOO/T (T x 10 "4)

where
XCN = mol fraction of CN in gas

P - stagnation pressure, arm.

T - temperature, K°

The equilibrium concentrations of CN for the system 1.9% CO 2-

98.1% N 2 as a function of temperature and pressure have been taken from
the computer runs and are shown in Figure 5.

Figure 6 shows how _/_) varies as a function of time for entry

........ _ _- _ .... _o _ v - 22,000 ft/sec and e_ = 90 ° . Also shown

for comparative purposes, ar_ the equivalent _/_) values for entry into

an "air" atmosphere and a single point for a 7.2% CO 2 atmosphere. The
(_/_) values for the Martian atmosphere are an order of magnitude, or

more, higher for the Martian atmosphere than they would be for air due

to the formation of CN behind the shock. This analysis is borne out by

shock tube results II which demonstrate experimentally that the presence

of CN can raise the radiant intensity of hot nitrogen (61OO ° K) by approxi-

mately an order of magnitude.

The thickness of the gas cap, _, at the stagnation point has

been shown by Li and Geiger 12 to be:

I

2
(1 go/Ps)

where Pco " free stream density

Ps " stagnation point density

RN " nose radius, cm

For the nose radii, temperatures and pressures encountered in

this study it was assumed that there was no self absorption. There are

a number of other factors which affect radiation. These include the

-8-



geometry of the vehicle; the fact that c cannot exceed I.O, no matter
how thick the gas cap; and the fact thatgthe radiant energy cannot exceed
the stagnation energy.

Non-equilibrium conditions can increase the radiant heat transfer
rates over those at equilibrium by as muchas an order of magnitude. 13
Non-equilibrium conditions are more likely to occur at low densities
(high altitudes) when the collision frequencies are low (e.g., slip and
free molecular flow regimes). The maximumstagnation pressures encountered
in Martian entry are one to two orders of magnitude lower than those
normally achieved by an ICBMand, hence, so are the collision frequencies.
The area of non-equilibrium radiation and its effect on heat transfer
requires further study.

In summary,although the radiation heat transfer rates reported
in this study are based on the analytical techniques available at present,
there are manyuncertainties (beyond those which will be discussed in the
following section) regarding the precise magnitudes. Furthermore, test
data at the conditions of interest also is meager. However, this study
does point out that the potential for a large radiative heat flux con-
tribution does exist at high angle entries into the Martian atmosphere.
This flux is due primarily to the pressure of CN, a high-temperature
reaction product of CO2 and N2. Figure 7 shows the comparative stagnation
point radiative and convective heat fluxes for 90° entry at 22,000 and
26,000 fps in the two atmospheres for a one ft nose radius. It should be
noted that doubling the nose radius decreases the convective flux by a
factor equal to _and doubles the radiative flux.

2.4 EFFECTOFENVIRONMENTALUNCERTAINTIES

There is an uncertainty factor of two in the values of _ (density
gradient) reported for the Martian atmosphere. The lowest _ atmosphere
(Atmosphere E) was employed for the heat transfer calculations. _ for
Atmosphere C is approximately equal to twice _ (_C = 2__). The effect
of this uncertainty on entry heating may be eva_uated approximately, as
follows:

a. Laminar_ Stasnation Point Heatin$

qs _

or
qatm c/qatm E _ 1.41

-9-



and Qtotal _ I_

or Qatmc/Qatm E _ 0.707

b. Turbulent Heatin_ at P/Ps = 0.6

qt _ _0.8

or

and

qatm c/qatm E _ 1.74

Qtotal _ i/_O'2

or Qatm c/Qatm E _ 0.87

c. Altitude of Maximum Convective Heating

i i
y• _ -- _n--
qmax _

or
• /Yqmax _ 0.724Yqmac C E --

where Yqmax _ "stag Yqmax turb

d. Radiative Heating

The radiative pulse is a complex function of many variables

including the density, CN concentration, and temperature• The form of

the equation is not readily reducible to function of _. A comparison

at peak dynamic pressure is presented in the next section.

In summary, our computations are based on Atmosphere E, which

is representative of the lower limit in _. An increase in _ (e.g.,

atomsphere C) would lead to higher peak heat fluxes but lower total heating

loads. Numerical comparisons are presented in Section 2.5.
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2.5 SUMMARYCOMPARISONSANDDESIGNCRITERIA

Table I summarizes the pertinent aerothermodynamic entry para-
meters for extremes in entry velocity, entry angle, atmospheric density
and density gradients.

As was expected, low angle entry yields lower peak fluxes but
higher total convection loads. The predicted heating Telationships
between Atmosphere C and E were borne out by the machine computations.
The instantaneous radiative heat pulse, qr' follows the same trend as
qc with increased velocity and _. The maximumradiative pulse lags the
maximumstagnation point convective pulse in time; and is the reason for
tabulating the radiative pulse at maximumdynamic pressure. However, it
should be noted that the radiative pulse at maximumdynamic pressure,
although close to the maximum,does not necessarily represent _ . At. r xlow angle entry, the radiative pulse is small and becomesinsigni_cant
when compared to the total integrated pulse. At high angle entry, the
maximumradiative pulse may exceed the maximumconvective pulse by a
factor of two, or more. Fortunately, the effective time duration of this
pulse is short and varies inversely W_L_L_LL=_.....''_6''_'_4+_. .......ag=_n _t wnuld
be noted that although there maybe considerable uncertainty as to the
precise values of the radiative contribution, the potential radiative
heat transfer contribution for high angle Martian entry is significant.
This factor previously has been overlooked, by most workers. It is also
worth noting that although the convective flux varies inversely with the
square root of the nose radius, the radiative flux is nearly proportional
to RN. Future studies to optimize the heat shield weight should consider
possible tradeoffs in this area.

With regard to design criteria for the heat protection system,
the uncertainties in entry velocity, entry angle and the Martian atmosphere
dictate that the shield be designed for the most adverse conditions. At
the stagnation point a total heating load in the order of 9000 BTU/ft 2
must be accommodated(RN_ 2 ft; VE < 26,000 fps; @E_ 20o)" The materials
selected for the nose cap should be capable of withstanding instantaneous
(maxima) convective fluxes in the order of 500 BTU/ft 2 sec (laminar or
turbulent ) and radiative fluxes in the order of 3500 BTU/ft 2 sec (VE
= 26,000; _E _ 90o; RN_ 2 ft; Atmosphere C). These fluxes will not
necessarily occur at the sametime. Flight Reynolds numbers in the
order of one million appear possible for the trajectories and configu-
rations selected, and thus, turbulent heating must be considered. The
maximumtotal flux, Q, at the point of maximumturbulent heating (_ 45° )
will be 8000 BTU/ft2 and the maximumconvective load turbulent on the
skirt will be 2800 BTU/ft 2 (VE < 26,000; OE > 20o; Atmosphere E).

-Ii-



It should be noted that for purposes of this preliminary
analysis, radiative heating beyond the 45° station is assumednegligible
because of the expansion of the gas and its consequent drop in tempera-
ture. It also should be noted that the ablation rates will not be
uniform because of the uneven heat loads and, hence, the effect o£ the
potential changes in the shape on the aerodynamic coefficients must be
evaluated.
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SECTION3

HEATSHIELD

3.1 HEATPROTECTIONSYSTEMSELECTION

The general categories of heat protection systems within the
present state of the art which are suitable as heat shields for
ballistic entry into the Martian atmospheremay be described as heat
sinks, radiators and ablators.

Heak sinks and most radiator materials are limited by their
physical properties (e.g., melting point, specific heat, thermal con-
ductivity, etc.) as to the magnitude and duration of the thermal pulse
(_) which they can accommodate. Becauseof the inherent uncertainties
in the entry heat fluxes and loads described previously, the conventional
metal heat sink must be rejected immediately because of its relatively
low heat capacity (41OOO BTU/Ib for beryllium) and its inability to

accept the potentially high combined radiative and convective fluxes

(even with such excellent conductor materials as copper). Essentially

these same objections, plus others including "low" equilibrium tempera-

tures, uncertainties in surface emissivity and absorptivity coefficients,

and the usual gamut of mechanical behavior, stress, attachment, support,

fabrication, and handling problems, can be raised against the selection

of a "simple", metallic, equilibrium temperature radiator. This,

however, does not preclude consideration of a composite radiator--heat

sink-ablator, such as pyrographite, from future studies.

Ablation materials, on the other hand, have demonstrated the

capability to accommodate the long-time duration, low-_ pulses

associated with shallow-angle entry on Mercury type trajectories and

the high-_, short-time pulses of ICBM reentry missions. Thus, ablation

appears to be well within the state of the art required to satisfy the

-13-



heat shield requirements for the Martian entry trajectories of interest
and the matter of an ablating heat shield was pursued further.

The choice in ablation materials lay between the reinforced
thermosetting plastics which pyrolize and form a carbonaceous char upon
heating (e_g., phenolics and epoxies) and the thermoplastics which
depolymerize, liquify and/or vaporize on heating without forming a char
on the surface (e.g., Teflon, nylon, polyethylene). The prime advantage
of the latter is in that somethermoplastics like Teflon retain their
dielectric properties upon heating and therefore also function as
antenna windows. However, with the high electron densities encountered,
transmission through the plasma sheath during entry is questionable.
The thermosetting materials form a conductive char and lose this trans-
mission capability. On the other hand, this char permits the attainment
of muchhigher surface temperatures than is possible with the thermoplastic
materials. These higher surface temperatures result in reduced convective
heat transfer to the surface and increased reradiation rates.

The potentially high radiation fluxes associated with the high
angle entry angles present a new problem area. In a convective heating
environment, ablators function as heat shields by (a) exhibiting an
endothermic heat of reaction on decomposition which acts to absorb that
heat which is transmitted to the surface, (b) emitting or transpiring
gaseous (and liquid) products of decomposition into the boundary layer to
"block" or reduce the convective heat transfer rate, and (c) operating at
a sufficiently high surface temperature to reradiate significant quantities
of energy and to reduce the driving potential (e.g., 4T) of the transport
process. The relative importance of each of these mechanismsis dependent
upon the material. (Becauseof their low conductivities, most ablators
generally do not have any appreciable "heat sink" capacity in the high
flux-short time trajectories.) In a radiative heat transfer the mechanisms
and hence desired properties include (a) high endothermicity, (b) low
absorbtivity surface, (c) high temperature, high emissivity surface backed
by low conductivity material. In the case of ablators, a portion of the
incident radiant energy to the surface also may be "blocked" if the
nature of the ablation products is such that they are at least partially
opaque to the emitted wavelengths, thereby reflecting or absorbing some
of the energy destined for the surface.

Understanding of the behavior of plastics in a radiation environ-
ment is meager. Resins which char, or which exhibit any tendency to char
upon pyrolysis, can not be counted upon to reflect the incident radiative
energy. However, thermosetting materials which carbonize maybe relied
upon to re-radiate a significant portion of the incident flow. The endo-
thermicity of the ablation process is an interent property of the material
whereas, theoretically, the potential opacity of thermosetting decomposition
products is higher than those of thermoplastic materials.

-14-



3.2 ABLATIONHEATSHIELD

In analyzing the heat shield requirements, the shield was
divided into three zones. These were the stagnation point region, the
45° station or zone of maximumturbulent heat transfer, and the skirt.
The weights needed for each zone in the critical convective and radiative
heating environments were calculated separately. The final shield
design, although not necessarily an optimumone, will adequately protect
the capsule should it enter the Martian atmosphere at an angle between
20° and 90° at a velocity of less than 26,000 ft/sec with a m/CDA_ i.
Also considered, for comparative purposes, were the heat shields which
would be required if the entrance angle were known, a priori.

The ablation and insulation requirements were determined
separately. For convective heating, the massablated was obtained by
dividing the total cold wall _onvective heat input, Q , by the total
effective heat of ablation, Q . For the radiative flCx, Qr, the effective
endothermicity of phenolic-nylon was estimated to be 15OOBTU/Ib. For
structural and attachment purposes, it was assumedthat there must be at
least O.i inches of virgin ablation material at the point of maximum
deceleration. The thickness of insulation was determined by the mass of
insulation required to prevent the inside wall temperature from exceeding
300° F when the vehicle had decelerated to Mach I.

The properties of the several materials considered are given in
Table II. Both phenolic-nylon (P-N) and polyethylene gave lower shield
weights than Teflon. P-N finally was chosen over polyethylene because
its higher turbulent Q*, higher surface temperature for reradiation, and
the potential "blocking" of the radiative pulse by its decomposition
products. Because of the uncertainties regarding the magnitude of the
radiative heating it was decided that an additional factor of safety
could be achieved at the stagnation point and at the 45° station if P-N
also was employed as the insulation backing for 90° entry. At the skirt,
the weight could be reduced by resorting to a composite heat shield.
Thus, the P-N ablator was backed by Johns-Manville Min-K 2000 insulation,
the latter being representative of a class of high temperature, high
compressive strength, low density insulation materials.

The shield weights, as a function of body station, for 20° and
90° entry angles and the two extremes in atmospheric density gradients
are compared in Table III. Case D selects the worst features of each of
the previous cases to determine the weight of a shield required to survive
any entry between 20° to 90° at velocities below 26,000 fps (m/CDA_ I).
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At this point, a brief commenton refractory heat shield
materials is in order. Oneof the best of these materials is pyro-
graphite. For the parameters considered in this study, pyrographite will
behave more as a radiator than as an ablator or heat sink. A very approxi-
mate calculation indicated that a composite nose-cap consisting of a
pyrographite radiator and a high temperature, high compressive strength
insulator would weigh approximately 4 ib/ft 2 as comparedto 7.5 Ibs/ft 2
for P-N. A numberof potential problems are associated with such a
system; the most significant probably lie in the areas of thermal stress,
attachment, support, fabrication and handling. Although a pyrographite
radiator appears promising as a heat shield material, a detailed study
would be required to properly evaluate its ultimate feasibility. On the
other hand, there are a number of other unresolved problems concerning
Martian entry which also require additional research and development.
They include a closer look at the radiation phenomena,preferably backed
up by an experimental program wherein chemical and environmental simu-
lation could be achieved in an arc plasma facility. If the final heat
shield selected was ablator, the materials should be subjected to high
vacua and ultraviolet radiation environments for extended periods to
evaluate possible degradation effects during the long transit period.
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A£RONUTRONIC DIVISION

Intra-Company Communication 27 October 1961

TO:

FROM:

SUBJECT:

Mariner B Distribution

M. G. Boobar and R. M. Foster

Mariner B Entry Heat Protection System

The heat shield requirements and cold wall heat loads for the configuration

released by T. W. Neumann, 10/17/61, AD-OI7, are as follows:

Station Total Heat Load

Stagnation Point 9000 BTU/ft

45 ° Station 8000

IO ° skirt 2800

The loads encompass the following entry conditionq:

V_ _ 26,000 fps

0_ = 206 to 90 ° 2
m_C_A = I slug/ft

AtmOsphere - E and C

Nose cap material should be capable of accommndating instantan,,ous con-

vective heat fluxes (maxima) in the order of 500 BTU/ft 2 sec and radiative fluxes

of 3500 BTU/ft 2 sec. These fluxes can, but need not necessarily, occur at the

same t ime.

For a phenolic-nylon (PN) ablator and J-M/MIN-K 2000 back-up insulation

on the skirt, the thicknesses and weights required to maintain an inside wall

temperature of "c300°F at the time the vehicle has decelerated to Mach 1 are as
follows :

Stations Ablation Thickness Insulation Thickness Total Weight

Stagnation Point

45 ° Station

iO ° skirt 0.2 inches PN

l.l inches PN _-

I.] inches PN =-

O.7 inch MIN-K 2000

7 Ibs-PN/ft 2

7 ibs-PN/ft 2

'2.5 Ibs/ft 2

/cyl

%

_  /aZ,
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AERONUTRONIC DIVISION

Intra-Company Communication 3 N_vember 1961

TO: Mariner B Distribution

FROM: M. G. Boobar and R. M. Foster

SUBJECT: Mariner B Entry Heat Protection System

In reference to our memo of 27 October 1961, there have been some questions about

how the shield might look. Below is a schematic rep_-es_.ntation (not to scale) to

show how the installation and the phenolic nylon portions might be fared. Please

note changers in thicknesses of P-N and Min-K 2000 _ Min-K = 20 Ibs/ft 3 and_ P-N =
75 [bs/ft3)

//
j_" / .

./

-23-
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AERONUTRONIC DIVISION

Intra-Company Communication

TO: File

FROM: J. Kenlnerly (based on rough notes

submitted by P. Bower and J. Oslake

on O_tober 24, 1951)

2 November 1961

Subject: MARINER B CAPSULE-TO-BUS COMMUNICATIONS SYSTEM

Summary

Two electronic systems are described which would implement the

two missions presently envisaged. Primary emphasis is placed upon the

photographic mission since it produces the most stringent requirements.

The system analysis indicates that either mission could be implemented to

a large extent with presently available, proven equipment. A set of three

100-watt transmitters on the capsule would be adequate for the photographic

mission (no parachute), while a 2-watt telemetry transmitter would be cap-

able of handling all other scientific and engineering data. For the impact-

survival mission, a 10-watt transmitter is indicated. The weight, size,

and power supply requirements, listed in Tables 3.1 and 3.2, do not appear

to be excessive°

2-1

PD

where

PD

RB

Capsule-Spacecraft Communications

The relationship between the parameters involved in capsule-to

spacecraft communication can be expressed by the following:

= _ _ GT GR_'B + q /N + N + L + M+ L - ( + ) + Lo'-o o s p m
dbw

= Transmitted power associated with data, dbw.

= i0 log rb, rb = transmitted bit rate, b/s.

So/No= Received signal power per bit to noise power per cps, db.

N
O

L
S

= Noise power per cps, dbw/cps

= Transmission loss (free space) between two isotropic antennas, db.

= Polarization loss, db
Q

= Transmitting antenna gain, db

L
P

GT

-I-



11/2/61
Page 2

GR = Receiving antenna gain, db

M = System margin, db

L = Miscellaneous
m

system losses, db.

It is assumed that not all the available transmitter power will

be in the modulation. That is, there will be some signal power loss in

the demodulation process. It has been assumed that this will be a 3 db

loss, or PT = 2 PD (PT = available transmitter power).

The value of S /N may be obtained from Ref. I0 where S /N is
O O O O

plotted versus bit error probability for various modulation schemes. If

it is assumed that the desirable word error probability for 3-bit words

is PW e = i0 "Z, then the bit error probability desired is one in 302 or
3.3 x 10 -3 . Coherent PSK theoretically would require an S /N of 5.6 db

for this probability. Non-coherent PSK would require 3 db°mo_e, or 8.6 db.

It has been assumed in this study that a PCM/PSK/PM modulation scheme would

be utilized. PCM is certainly desirable from the data accuracy standpoint.

PSK is desirable, particularly bi-phase + 90° , be cause with coherent de-

- possiblelOtection, error rates are reduced to the lowest level theoretically

by this method. PM_with phase-lock reception, is apparently desirable be-

cause of enhanced receiver capture capabilit_ies. However, the latter would

have to be investigated to determine its validity in the case of the wide-

band TV data transmission system. Subcarriers are used in order to avoid

the loss of near-dc frequencies. The value assumed to be required for

So/N ° is 8 db, which is 2.4 db greater than that theoretically required and
takes into account practical limitations.

The transmission loss between isotropic antennas is given by

L
S

where

R

f

= 20 log R(n.mi.) + 20 log f (mc) + 38 db.

= Con_nunications range.

= Operating frequency.

A typical case, in terms of capsule-to-space-vehicle communications range,

would be 6000 n. mi. for post-entry transmissions. Since most transmissions

will be made shortly prior to and after entry on the photographic mission,

this is the range which will be used for that case. On the impact-survival

mission the maximum cormmunications range may be considerable longer, like

10,000-20,000 n. mi. This latter is due to travel of the spacecraft away

from Mars. The operating frequency need not be definitely established at

this time. However, due to the considerable amount of presently available

, equipment in the 215-265 megacycle telemetry band, a frequency of 250 mc.

was assumed in defining the present system. The advantage in going to a

higher frequency would be a resultant smaller transmitting antenna on

the capsule. The disadvantage is that for the same receiving antenna beam-

width there is a reduction in received power with increased operating

frequency. The effective area of the receiving antenna is
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2

A gr-e 4 7r

where

gr = Receiving antenna gain.

= wavelength.

If \ is reduced (higher frequency), then gr must be increased to keep the
received power the same.But the only way to increase gr is to decrease the
antenna beamwidth (increase directivity), and this has presumably been
established by the capsule-spacecraft geometrical relationships (see
Section 4.4). Then the transmission loss for f = 250 mc and R = 6000 nautical
miles is

Ls = 76 + 48 + 38 = 162 db.

The overall receiving system noise figure is given by:
ii

f

where

f
a

f
r

= f + f - I
a r

= Antenna noise figure (radiation from Mars, etc.)

= Receiver noise figure.

A conservative estimate of f is 2, and _ receiver noise figure of 2 should

be achievable. Then, f = 2 _ 2- I = 3, or i_ecibels F = 5 db. The effective

noise temperature would be about 900°K. The noise power per cps of bandwidth
would then be

N = i0 log k T + NF
O O

= -204 + 5 = -199 db_

where

k = Boltzman's constant

T = 290°K
O 'k

NF = System _oise figure.

The transmitting and receiving antenna gains have been lumped to-

gether and a value of i0 db. will be assumed for the total. This seems to

be achievable without too much difficulty. Circular polarization on the

spacecraft can also be obtained and is very necessary since the received

field may be of any polarity due to the unpredictable motion of the capsule.

Circularly polarized energy may be radiated from the capsule in certain

directions but will not be counted upon in this analysis. Therefore, a

polarization loss of 3 db will be assumed.

-5-



11/2/61

Page 4

A number of decibels must be assigned to miscellaneous system

losses - losses in connections, multiplexers, etc. These are assumed to be

less than 3 db in total.

The previous discussion is summarized below in Table 2-1. The

aim in choosing values has been to assume not the worst case but the near-

worst case. The impact-survival case is discussed later.

TABLE 2-1 COMMUNICATION PARAMETERS

Parameter Assumed Value Range

S /N 8 db 6 to 12 db
o o

N -199 dbw -196 to -204 dbw
o

L S 162 db 158 to 164 db

L 3 db 0 to 3 db
P

G T + GR I0 db 8 to 14 db

L 3 db i to 4 db
m

Then

PD = RB+ M - 33 dbw.

or

PT = 2 PD

= R B + M - 30 dbw.

This equation is plotted in Figure 2-1. It indicates that, with the

assumptions previously made, a 100-watt transmitter will transmit

20 kilobits/sec, with a margin of 7 db.

The bit rate f0r _he_r_aphic, or _, data is given-b--_

bits i picture = QB bits
H = nln2 l°g2 NG picture x T--_ sec picture

np pictures

T sec

-4-
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where

H = data rate, bits/sec

nigh2

N G

T
P

QB

N
P

T

= number of picture elements in each direction

= number of gray levels

= readout time for each picture

= total number of bits per picture

= total number of pictures transmitted

= total photo transmission time

This relationship is illustrated in Figure 2-2 which assumes an insignif-

icant amount of time will be required to erase and expose (less than a

second). The total plcture-taklng time available will depend upon the

density of the M_rtian atmosphere, the entry angle and entry velocity and

(assuming no parachute) may vary from 70 seconds to 5 minutes at the ex-

tremes. A nominal range of 2-4 minutes was assumed for the determination

of the bit rate and spacecraft storage capacity.

The photographic data transmission system (which will provide

tri-color pictures) has been separated into three separate transmitting

and receiving subsystems, one for each camera. This will greatly enhance

reliability and will allow lower transmitter power. The following dis-

cussion will apply to a single subsystem. If one assumes a 200-1ine res-

olution, then a bit rate of 20 kilobits/sec will provide about 18 pictures

in 2 minutes. The first picture would be taken at 40-60,000 feet.

The narrow-band telemetry system would require a data rate of

100-200 b/s. According to Figure 2-i_ a 2-watt transmitter would trans-

mit 200 b/s with a margin of i0 db. This assumes that both the wide-

band TV system and the narrow-band telemetry system utilize the same an-

tenna sy§tem.

For the impact-survlval mission the data rate will probably be

less than I00 b/s after impact and the communications range may be as

great as 20,000 nautical miles. Then L_ + 48 + 86 + 38 = 172 db, or

i0 db more than the previous _ase. A l_-watt transmitter would provide a

i0 db margin in this case.

TABLE 2-2 COMI_I_ICATION PARAMETERS

Bit Rate PT

TV 20,000 b/s i00 W 7 db

Telemetry 100-200 b/s 2 i0

Impact-
Survival i00 b/s i0 I0
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3-1 Mariner - B Capsule Electronic System

The electronic requirements for this picture-taking mission may

be satisfied by implementing the functional block diagrams shown in

Figures 3-1 and 3-2 for the capsule and spacecraft, respectively. The

video data are transmitted to the spacecraft and stored on magnetic tape
for eventual re-transmisslon to Earth.

The television cameras all employ a one-half inch-diameter vldicon,

standard 8 m_ camera optics,&transistorized signal and control circuitrye

Analog video data from each camera iS converted into a binary PCM train of

pulses in separate television encoders. To facilitate transmission of the

low-frequency components of the video signal the PCM output of the encoder

modulates a subcarrler which in turn modulates each television transmitter.

A separate power amplifier _ provided in each channel to produce the de-

sired RF power. The three RF signals and a separate telemetry signal are

fed into _ quadruplexer and then to a common antenna on the capsule.

Composition of the data word with picture elements and synchronization

bits is _escribed fully in OL Ee_r___ _,,_.

, The narrow-band telemetry channel handles scientific and diagnostic

data at relatively low informatlon rates; 100-200 bits per second compared

with _pproximately 20,000 bits per second in each television channel. An

encoder takes analog voltages from various sensors and transducers, in-

cluding a radar altimeter, and converts these to digital data which in

turn!are sampled periodically and incorporated into a standard word for-

mat for modulation of a subcarrier oscillator. The subcarrier phase

modulates a small solid-state transmitter which produces approximately
2 watts of RF power.

The function of the event controller is to program the sequence

of events as shown diagram_atically in Figure 3-3. The television synchro-

nizer.and telemetry synchronizer which control the timing of repetitive or

periodic events may also be considered as subordinate parts of the program-

mer. The prograrmner accepts three input signals which form the basis for

all other events. These input signals are as follows in chronological order:

a)

b)

=)

A "start" signal from spacecraft which occurs before separation

and initiates a timer that controls the ignition of the main
rocket

A "go" signal from the capsule separatlon mechanism which starts
several timers

An "enable" signal from an accelerometer aboard the capsule

which signifies the occurrence of a significant penetration

into the Martian atmosphere.

The latter signal becomes the reference point in time for all subsequent
events.
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The electronic equipment required aboard the spacecraft may be
deduced from the functional block diagram of Figure 3-2. A high-_ain

(i0 db) antenna is continually servoed toward the center of Mmrs using a

platform or control signals presumed to be available aboard the spacecraft.

An optional omni-directional antenna can be provided to insure reception of

diagnostic telemetry data in the event of a failure in the primary cormnunica-

tion path. Separate wide-band PM receivers are provided for each o# the

three television channels, and a narrow-band receiver handles the telemetry
data.

The output of the narrow-band telemetry receiver is the data sub-

carrier which can be sent directly to the spacecraft transmission system

for broadcast to earth in real-time. Although this data is available at a

low enough information rate for direct re-transmissions, it can be demodula-

ted and stored along with the video data if desired.

Start/stop cues for the data storage unit are provided from one

of the wide-band receivers. This is necessary when the video data is not

being transmitted continuously; i.e., for burst transmissions as during the

period when black and white television pictures are being taken. Other-

wise, the magnetic tape unit would have to run continuously and require ex-

cessively long reels of tape.

The method of data storage on magnetic tape is PCM recording. It

has the advantage of employing saturated recording techniques so that amplitude

variations and non-linearities are not important. The data processing unit

receives the demodulated PCM output from the wide-band receivers aud divides

each serial train of pulses into three parallel output channels. The tape

storage unit therefore accepts the PCM video data, on nine separate tracks

simultaneously. The major advantage of this technique is that it greatly

simplifies the record drive mechanisms because of the reduction in tile

ratio of write-in speed-to-readout speed. A secondary advantage is the

lesser amount of magnetic tape required. Readout of video data into the

spacecraft transmission system is accomplished upon command therefrom.

The tape storage unit is described in _ _._v,_I_ _._'._.

Size and weight data and power requirements for the electronic

equipment aboard the capsule and spacecraft are given in Table 3-1.

-_2-



TABLE3-1

SIZE, WEIGHTANDPOWERREQUIREMENTSFORBI

CAPSULE EQUIPMENT

Unit
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TVCamera

Vidicon Electronics

TVTransmitter

Power Amplifier

Quadruplexer

TV/TMAntenna

Telemetry Transmitter

Event Control & TB Gen.

Telemetry Synchronizor

Television Synchronizer
Camera Control

TV Encoder

TM Encoder

Accelerometor

Light Sensor

Altimeter Antennas

Radar Altimeter

Scientific Instruments

Power Supply

Unit Input Buy or

Quantity Equipment Weight Power Make

4 8" x 2 1/2" dia 6 Ib 15 W

4 3 3/4" x 5" x 7" 6 ib 15 W

3 6.5" x 3.8" x 2.0" 2.0 36

3 8.5" x 6.3" x 3.6" 5.9 23

I 9.3" x 6.0" x 6.(Y' 4

i 24" x 5" x 5" 1.5 -

I 22 cu in 1.3 23

i 400cu in 6 8

i 80 cu in 2 2

i 40 cu in 1.3 i

I 20 cu in 0.6 0.5

3 8 cu in 0.3 0.5

i 70 cu in 2.6 4

i 1/2" x 5/8" dia 0.2 0.2

I 5 cu in 0.5 i

2 8" x 2" x 3" i -

i 160 cu in 4 20

Unit

See separate memo by I. H. Blifford

See separate memo by V. H. Henderson

High Gain Antenna

Broad Beam Antenna

RF Coupler/Multiplexer
Wide Bond Receiver

Data Processing & Storage

Telemetry Receiver

Battery

SPACECRAFT EQUIPMENT
Unit

Quantity Siz___e Weight

i 4' x 15" dia 5

i 12" x 1/2" dia i

i 500 cu in 5

3 24 ¢u in 1.7

i 200 cu in 7

I 24 cu in 1.7

i N/A N/A

Buy

Buy

Buy

Buy

Buy

Make

Make

Make

Make

Make

Make

Make

Make

Buy

Buy
Make

Buy

Input Buy or
Power Make

- Make

- Make

- Buy

5.8 Buy

2 Buy

5.8 Buy

- Buy
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3.2 Mariner-Bl Impact-Capsule Electronic System

The electronic requirements for this capsule-lendlng mission may

be satisfied by implementing the functional block diagrams shown in

Figure 3-4 and 3-5 for the capsule and spacecraft, respectively. The

emphasis is on those scientific experiments which are initiated at or after

impact. However, since a parachute is deployed to lessen the impact shock,

a relatively slow descent will be made. It therefore is anticipated that

even more secondary experimentation will be attempted prior to impact than

in the photo mission.

There will be three distinct phases of data collection and/or data

transmission during this mission. These are:

(i) After separation and before chute deployment

(2) After chute deployment and before impact

(3) After impact

Based upon the preceding discussion, it is possible to estimate

the probable range of data gathering rates during each of the four phases.

The values might be as follows:

(I) Before chute deployment - 2 to 20 bits/sec

(2) After chute deployment - 20 to 200 bits/sec

(3) Impact to Blackout I0 to i00 bits/sec

(4) After Blackout - 2 to 20 bits/set

If the survival capsule consists of two concentric spheres as in

the Range_Program, then the inner sphere will be free to rotate and align

its center of gravity axis perpendicular to the surface of Mars after impact.

This feature permits the placement of an antenna within the inner sphere, so

that the principal radiation will always be normal to the surface of Mars.

Only one antenna and one transmitter would be required in this case.

The electronic equipment required in the spacecraft for the impact

mission is relatively simple and stralght-forward as seen in Figure 3-5.

The antenna system and RF portion are similaE if not identical, with the

counterparts in the Photo mission. The only innovation is the diversity

comblmer in the data receiver which continuously samples the incoming

signals from the capsule and applies the strongest one to the PM de_ecting

circuitry in the receiver.

-14-
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The sequence and timing of events during the mission are shown

diagrammatically in Figure 3-6. The similarity with the photo mission

is apparent and no explanation is necessary.

Size and weight data and power requirements for the electronic

equipment aboard the capsule and spacecraft are given in Table 3-2.

4.1 Camera Equipment

Vidicon camera characteristics are given in Table 4-1.

A block diagram of the camera system is shown in Figure 4-1.

Magnetic deflection coils are driven by transistor amplifiers. Other

circuitry includes a focus current regulator for maintaining constant

current in the focusing coil, a dc-dc converter to provide vidicon oper-

ating voltages, and a blanking amplifier for eliminating the electron

beam during deflection retrace time. The video signals from the vidicon

are amplified by a preamplifier mounted on the vidicon yoke, which in

turn feeds a transistorized dc video amplifier. This amplifier is pre-

ceded by a clamp circuit to restore the DC component.

Figure 4-2 contains a photograph of a slow-scan television

system built by }{allamore Electronics Corp. for space applications.

The average expected scene brightness impinging on the photo-

conductor through the lens is 0.001 ft-candle-seconds, with maximum dark

of 0.0001 and a dynamic range of i00. Typical vidicons will provide an

image bright enough to provide a good picture on a television screen

when 0.03 ft-candle-seconds is incident on the photo conductive surface

(Ref. 8).

The storage capabilities of the typical vidlcon_ photo conduc-

tive surface allow short exposures to be made and scanned over a frame

time of from 2 to 15 seconds without serious image decay. Special types

(Westinghouse, for example) can retain the image for over 30 seconds.
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TABLE 3-2

SIZE, WEIGHT AND POWER REQUIREMENTS FOR B2

Unit

Antenna

Transmitter

Data Encoder

Progran_ner

Scientific Instruments

Power Supply

CAPSULE EQUIPMENT

Unit Input Buy or

Qty Siz____e _ Power Make

N 24" x 5" x 5" 1.5 ---

N 22 cu. in. 1.3 23 W

I 300 cu. in. 12 15

i 250 cu. in. 3 2

See separate memo by 5. H_ Bllfford

See separate memo by V. H. Henderson

Make

Make

Make

Make

SPACECRAFT EQUIPMENT

uni___ t

High-Gain Antenna • 1

Broad-BeamAntenna 1

RF Coupler/Multlplexer 1

Data Receiver i

Battery I

Unit Input Buy or

Siz_.___e weight Power Make

4' x 15" dia. 5 ---

12" x ½" dia. i ---

500 cu. in. 5 ---

60 cu. in. 4 15

N/A N/A ---

Mak e

Make

Buy

Buy

Buy
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TABLE 4-I

TELEVISION CAMERA CHARACTERISTICS

Recon_nended ExpQsure

Shutter Speed

Electrical Characteristics

Vidicon Tube Diameter

Intrinsic Resolution

Gray Shades Reproduced

Residual Image After Erase
Horizontal Period

Vertical Period

Horizontal Sweep Rate

Frame Rate

Input Power Source

Power Consumption

Physlcal Characteristics
Vidicon Unit

Vidicon Electronics

Total Weight

0.I Ft-candle-seconds

I/I000 Sec.

I inch

200 x 200 image points

8

Negligible*

30 milliseconds

6 Seconds

33-1/3 cycles/sec.

1/6 cycles/sec.

27.5 VDC + 10%

15 watts

8" L x 2-I/2" Dia.

3-3/4 x 5" x 7"

6 Pounds

*Residual image after one readout depends on beam current. _

Several additional fast frame-scans results in virtually

complete erasure.

-2_-
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Ruggedized vidicons of both the one-lnch and the one-half-inch size

have been constructed, the latter being able to withstand a shock of lO0-g

and 25-g (rms) random noise vibration (Ref. 7) The vidicon is not affected

adversely by cosmic radiation, but temperature extremes will reduce

seneitivity and result in a poorer signal-to-noise ratio. The "stickiness"

or lag decreases at low temperatures thereby increasing the time required

to erase any residual image from an exposed picture after the initial readout.

-2! -
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lntra-Company Communication

SUBJECT: Plasma Sheath Attenuation - FLariner B DATE: October 20, 1961

FROM: P.B. Bower CC: J. Jansen

J. Kemmerly

TO: John Housego F. Losee
J. Oslake

References:

i. Intra-Company Memorandum AD-017, T. W. Neumann, October 17, 1961

2. Intra-Company Memorandum, M. G. Boobar, October 17, 1961

3. S. Feldman "Numerical Comparison Between Exact and Approximate Theories of

Hypersonic Inviscid Flow Past Slender Blunt-Nosed Bodies," ARS Journal,

May, 1960

According to Reference 3, the features of the inviscid flow surrounding

the viscous wake of a short blunt body are not too different from the gas flow far

away. from the nose of a slender blunt body. To estimate the temperatures and

pressures about the wake of the Mariner B capsule (Reference i) in the Martian

atmosphere, the following approximatOnswill be made:

5 While the magnitudes will be different, the relative variation

of temperature and pressure about the capsule will not be

greatly different than for air.

. The ratios of stagnation temperature and pressure to the

temperatures and pressures in other points in the flow field

remain the same (extrapolation).

On the basis of these approximations and the use of data from Reference

2 and 3, one can arrive at an estimate of flow field parameters about the aft end

of the capsule. This is desirable since the present concept includes an antenna

on the aft end of the capsule for transmission of the television and telemetry
data.

The attached figure presents peak temperatures and associated pressures

for a transmission path perpendicularly outward from the capsule axis at the aft

end (for the trajectory of Reference 2). It is estimated that the peak temperature

shown (3600 ° K) will yield an electron concentration on the order of 106 e/cc.

This would in turn mean a plasma frequency on the order of 108 rad/sec which is

too low to result in a calculable signal attenuation for a transmission frequency

of 250 mc. -2J-



Plasma Sheath Attenuation -2- P.B. Bower

It is obvious from Reference 2 that a radar altimeter would be useless

between the altitudes of 800,000 and 150,000 feet since it would require trans-

mission (and reception) in a forward direction where high electron concentrations
exist.

P. B. Bower

PBB/sj
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AERONUTRONIC DIVISION

Intra-Company Communication

To: Jo E. Kemmerly

From: P.B. Bower

Subject:

2 November 1961

TRANSMITTING AND RECEIVING ANTENNAS FOR CAPSULE-TO-SPACECRAFT

COMMUNICATIONS: MARINER B CAPSULE

Transmittin$ Antennas

The design of the capsule antenna system for the capsule-to-spacecraft

data link will depend upon the capsule trajectory tda large extent. One

possible trajectory indicates a pattern which provides coverage at 8 = 0°- i0°

and 8 = 80°- 90 ° (see Figure 4-14). Another trajectory would require a

pattern which provides coverage from 8 = 0° to 8 = 60° . In either case, the

pattern shape is dictated by the capsule-spacecraft relationship and must

be nearly symmetrical about the capsule axis (since the capsule will probably

be spinning).

These two patterns will be called Cases 1 and 2 respectively, or

Case

1

2

Coverage

8 = 0°- I0° 8 = 80°- 90°

8 = 0°- 60°

For Case i, the size of the capsule and the operating frequency indicate a

combination of types of antennas might be desirable. It appears that an

annular slot plus crossed, rectangular slots mounted in the aft end might

give the desired coverage (see Figure 4-15). There would be circularly

polarized radiation in the aft direction (8 = 0°- 30 °, approximately), and

linearly polarized radiation off the side (8 = 70°- ii0 °, approximately).

For Case 2, the crossed, rectangular slots alone would probably

provide the desired coverage, as shown in Figure 4-16.

For the altimeter antenna, it appears that two circumferential

slots mounted near the nose of the capsule would provide satisfactory

radiation if fed in opposite phase (see Figure 4-17).

Table 4-4 indicates approximate sizes and weights.

-28-
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TABLE 4-4 ANTENNA DATA

Size

Case i

Annular Slot 25 _ dia., 2" x 5 _'

Rectangular Slot (ca.) 12" x 2" x 5 _

Case 2

Rectangular Slot (ea.) 24" x 5" x 5 _=

Altimeter Antenna(ea.) 8" x 2" x 3 _

Weight

3 lb.

I lb.

Receiving Antenna

As has been indicated, it is imperative that the primary receiving

antenna aboard the spacecraft be circularly polarized. Transmissions from

the capsule may be of linear polarization and it would be difficult or im-

possible to design a linearly-polarized receiving antenna which would success-

fully couple the radiated field after atmospheric entry. The orientation

of the electric field vector at the spacecraft during that period would be

nearly impossible to predict.

It is during the time shortly prior to and after entry that a

relatively high-gain on the spacecraft is desirable. This may be accomplished

by mounting a helical antenna on the Mars-oriented boom aboard the spacecraft

(assuming such a boom exists). The beam-width of this antenna would be con-

trolled by size limitations, since (see Figure 5-1 ) the geometrical relation-

ship would yield a relatively small beam-width. A 50 ° beam helical antenna

would be approximately four feet long and fifteen inches in diameter, with

a two-foot-by-two-foot ground plane. It would be collapsible.

Telemetry data transmitted from the capsule immediately after

ejection and during the earlier stages of the flight could be received by

means of a simple whip antenna aboard the spacecraft. The orientation of

the electric field vector at the spacecraft should be predictable during

this period, and a high gain antenna is not required. The telemetry re-

ceiver could be connected to both the high-gain antenna(through a multiplexer)

and the low-gain antenna. /

Distribution

J. J. Oslake

M. Caldwell

J. A. Jansen

W. Lenin

T. W. Newnmnn

F. A. Losee

P. B. Bower
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AERONUTRONIC DIVISION

Intra-Company Communication

SUBJECT: Antenna Breakdown - Mariner B DATE: October 20, 1961

FROM: P.B. Bower CC: J. Kemmerly

F. Losee

TO: John Housego J. Oslake

File

I. SUMMARY

Two antenna configurations are being considered for the capsule - slot

and monopole. The slot is favored, however, since crossed slots mounted in the

aft end of the capsule will provide circular polarization in the region of interest.

The attached curves present antenna breakdown power versus altitude for

the two antenna types. For the case of a pair of crossed slots, of course, the

slot curve indicates breakdown power per slot. The total transmitter power would

then be twice this amount. Then, for the pair of crossed slots, a 300-watt trans-

mitter could be turned on at any point below about 120,000 feet.

2. CALCULATIONS

Monopole Antenna

An earth-type atmosphere was assumed, which may be slightly pessimistic

for our purpose. Data from SRI Technical Report No. 69, "Voltage Breakdown of

Antennas at High Altitudes" by Scharfman and Morita, was used in computing the

curves. They have experimentally obtained a curve of Ee/p versus pr, where p is

the pressure in _n-Hg, r is the monopole radius in cm, and

Ee = E v/cm

E

u/

= , Field intensity, v/cm

= Radiated frequency, rad/sec

= Collision frequency, rad/sec

tip.

The field intensity about a quarter-wave monopole is strongest at the

The field at the tip is

Et = 91 I v/cm
r

I = Current at input terminals, amp.

= Radius of monopole, cm

-35-
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For a resonant monopole the input resistance is 37 ohms, so that for the input

= _ 12 R = _ • 37 • 12

= 18.5 12
2

= 18.5 <Et r)
91

= 2.24 x 10 -3 r 2 Et 2

average power

and
2 &/2 2

E t = (i +--_--_). Ee

to initiate breakdown,

Slot Antenna

Scharfman and Morlta have also obtained (experimentally) a curve of Ee/P

versus pb for a slot antenrm, where b is the slot width in cm. For the slot, the

aperture dimensions which are _/2 by 0.01_ , the field intensity at aperture is

K s

r---31. 6
= I|P v/cm

b

2.24
(f = 250 mc).

then

But

Therefore

e

2
Es

e

Transmitted power, watts

2
Es

200

200

for antenna breakdown.

-3

watts

Paul _. Bower





AERONUTRONIC DIVISION

Intra-Company Communication

To: J.E. Kemmerly

From: G.J. Pastor

Subject: MARINER B STUDY

November 6, 1961

In accordance with your request, please find attached

description of the Mariner B Capsule Data Handling

Equipment.

GJP/p i/c lm

-38-
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4.2 DATA HANDLING SYSTEM

The purpose of the data handling system is to accept data from

information sources such as TV camera, sensors, etc., and to convert these

raw output signals into unifo_n pulse code modulated video signals suitable

for transmission to the spacecraft for storage and retrnsmission to earth.

It is convenient to divide the necessary equipment into two cate-

gories:

I) Data Links

2) Timing System and Prograrmning

The former performs basically data sampling and encoding functions,

while the latter provides all necessary timing and programming functions for

both data links, data sources and other devices.

In the following description, it will be assumed that all required

timing signals are available from the Progranm_er. Thereby, the timing

requirements will be developed for each unit and the Programmer design

presented in a more logical manner.

4.2.1 Data Links

The information emanating from the capsule sensors can be conven-

iently divided into two groups:

I) Wide band information, such as TV_

2) Narrow band information, such as experiments, capsule

performance, equipment performance, etc.

Since the first group requires considerably more power than the

second for any desired accuracy and S/N margin, it is logical to employ two

different telemetry systems. A wide band (WB) and a narrow band (NB) system

is proposed such that power consumption can be maintained at a minimum, by

employing the WB telemetry only during brief transmission periods.

Television (WB) Telemetry

System reliability and mission success confidence level considera-

tion require complete redundancy in processing the three (red, blue and green

filter) TV camera outputs. Since the redundant design includes three subcar-

riers, each encoder (video section) of the WB telemeter may be simultaneously

operating and only one needs to be described. The black and white TV camera

can time share one of the three encoders since it ceases operation prior to

the beginning of the color picture taking.

The TV camera output signal is assumed to represent a TV frame with

200 x 200 resolution (40,000 samples) at eight (8) gray levels. It is further

assumed that the scan time for a sillgle frame is approximately 5-6 seconds,

while erase time is negligible.

-39-



Since the camera control and WBtelemetry timing is synchronized
by the sameprogrammer, the following messagestructure is proposed:

i Telemetry Word

i Television (TV) frame

= 211 Words
= 633 Bits
= Bits data ÷ 33 bits TM frame sync.

= 200 TMframes
= 42,200 words
= 126,000 bits

TblFrameSync. = 33 bit Barker Code
= ii TMwords

TV FrameSync. = 33 bit Barker Code, complement
of the TMframe sync.

= Ii TMwords

These time units are shownpictorially in Fig. %-4. The operating
concept is as follows (See Fig. _5-5):

I) Upon commandfrom the programmer, a pre-exposure transmission
is initiated before each picture. This consists of transmitting a programmer
generated train of alternating ones and zeros interrupted after each 600 bits
by a 33 bit Barker code word. This is the equivalent of one TM frame. The
alternating ones and zeros provide quick bit sync acquisition in the space-
craft. The TM frame sync code represents approximately 5%of frame energy
and, therefore, transmission of a few (N) TM frames will provide TM frame
lock-on in the spacecraft. (The nu,_berN will depend on the S/N ratios,
detector thresholds and on the desired error probability). During the Nth
frame an erase commandis given to the camera, and during the Nth frame sync
period (TV frame sync) the shutter is opened by the programmer. Note that
the different TV frame sync word will serve, when detected in the spacecraft,
as an enable to start recording the forthcoming data.

2) After the shutter has closed, (end of TV frame sync) the Video
signal from the camera is sampled and held at the word rate (which is one
third of the bit rate). Each held sample then is encoded into a three bit
word in the encoder. At the end of each TM frame the encoder will generate
the RMframe sync code word. At the end of the trans_qission, (one complete
TV frame), the inverted code word will be generated similarly to the preo
exposive operation. This will serve as a stop recording commandin the
spacecraft.

Assuming a bit rate of 25,000 bits per second the complete frame
transmission time is approximately 5.06 seconds.

Adding a parity bit to each w,_rdwould increase the power require-
ment by 25%; consequently is not coi_sidered. If improved error probability
will be required, parity bits after somegroups of data words will be provided
as a compromise.
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The required equipment is quite simple. It consists of a sample

and hold circuit and a three bit A/D converter. For the A/D converter the

digital feedback type, serial, half-range trial solution generating circuits

are recommended. This device provides easily sync code generation by parallel

to serial conversion during the sync word periods.

The pertinent physical characteristics of a single WB encoder are

as follows:

Weight . 5 oz.

Volume 8 cu. in.

Power Requirement 400 milliwatts
J

Diasnostic and Experimental (NB> Telemetry

The NB telemetry is to provide information about the performance

of the capsule, its instrumentation, the data obtained in the scientific

experiments and the performance of the TV camera WB telemetry subsystems.

In order to perform these tasks it will be turned on prior to

separation from the spacecraft.

A typical vehicle-borne PCM telemeter that will provide sufficient

channel and information capacity is briefly described in the following:

The system parameters are as follows:

Bit rate

Word length

Frame length

Primary Channels

Subcommutation sequence

I00 bits per second

6 bits including parity

16 words = 96 bits

14 + 2 per frame sync.

8 frames

Resulting Typical Information Capacity

Type of Channel Sampling Rate

1Supercommutated primary

6 Direct primary

31Subcommutated information channel

within 4 primary

4 samples/see

i sample/see

1/8 sample/sec

The totaled information capacity is approximately 14 samples per

second excluding sync.

The typical message structure is shown in Fig. 4-6. The operation

of the NB telemetry is typical. (See Fig. 4-7). The programmer generates

6 bit pulses, 16 word pulses, 8 frame pulses and all necessary control signals.

The frame pulses operate the sub-multiplexers whose outputs feed the

analog primary multiplexer.

-43-



APPROVEO BY;

AERONUTRONIC--DEVELOPMENT

i NAklE DATE i

i T_MPORARY
PERId ANENT

PROJECT
t

SKETCH

REMARKS:

/

/ l
S I',

& /R['_T

i'

!

I

I !
I i i

D/_E_"r ."

/0 // ,_'"_ 1.3

I _-P_ ME

#

E

FRA NE ,_

• L

! .|.

/
_i ,i;ii/.__312_

.... .....

_'_,

! ;

cw'E

-",F¢ _,_./v (E

1.

GEN. ADM. ARDTOZ7

-4A-

["l

/" _>L



AERONUTRONIC--DEVELOPMENT SKETCH

APPROVED BY:

NAME DATE
[TKMPORARY

i!PERMANENT

If

PROJECT

R E:M ARKE',

%

t

I t,

I
L

A

,41

"k I

:I

| . I

A

_l , _A ]'Ji ....

t
: [ 1 _ i I

I

I,

g

N

i

i I. J_, '

7"-

\

_KN, ADMA_D_02_

OCC. 59

-4_ - /



The word and bit pulses enable the analog or digital multiplexer.

The former provides a single time division multiplexed signal of PAM samples.

The latter provides sequenced, interlaced parallel readout pulses correspond-

ing Co all digital sources.

The PAM pulse train is re-sampled and held constant for encoding,

while the digital multiplexer output is inserted in parallel into the encoder

register. The encoder may be similar in design to the one discussed for the

WB telemetry. In that case it also provides sync word generation and parallel-
to-serial conversion.

The estimated physical characteristics of the Narrow band telemetry

(excluding the programmer) are as follows:

Weight 2 Ibs.

Volume 50 cu. in.

Power Consumption 3 watts

In the above description, no allowance is made for signal condition-

ing equipment prior to entering the NB telemetry unit. These may include

special amplifiers, storage registers, etc. at an estimated:

Vo lume

Weight

Power Consumption

20 cu. in.

I0 oz.

750 milliwatts

4.2.4 Timin$ Sys tern and Prosrarm_in$

Three of the major capsule subsystems; the camera, wide band tele-

vision and narrow band telemetry usually contain their own timing and program-

ming circuits. In this application, however, the operation of these subunits

must be so closely integrated not only among themselves but with other switch-

ing functions that a central timing and progranmliL_g system is envisioned.

The central timing and progran_ing system will have only switching

type inputs from either the spacecraft or some event detecting transducers

such as the g-switch and accelerometer. The outputs are two kinds: turn on-

turn off, type switching com_nands and logic-generated timing and enable signals.

A possible sequence of events pertinent to the operation of the

central timing and progranm_iLlg system is sho_n in Fig. 3-3. (_ee /_=_c F-HJ

Four major subunits of the central timing and programmimg system

will perform all of these functions. A description of these subunits follows

(see Fig. 4-8):

Events and Time Base Generation

The events control and time base generator consists of two types of

devices; electromechanical switches and timers, and electronic oscillators

and counters_
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" : i_asic ("..'..,,',: co_tr_ts p.:ul ti _c 5'nter',_ls _i,._ ::_,n_'rated to

op :-t{:' tb _-,'st <,f tile {nstr.u:_v:_tation t}lrouA1 the ca::_era co,:_t:rol 1_1:'}{ t

and tclt::,cti-,.- .l:,,d t.L,J.ev_sion sy_Tc]]voI_izer_.

The c'stimated i,b.ysic,tl characte'_-istics of this subs,.'._te:_ are as

fL, 1.1,,ws :

l'olu;ue +l)0 cu. in.

Weight 0 lbs.

Pt_wcr Consu;tption 8 wag ks

(;,'_ 1,:'t'_t C._mLro[

TI>' ca,_cr4 conkr,,l u:_it rec,.i,.'es ,.':lrious ti:_i::A si!4naLs f:-t,m cJ._,ck

pulse cou:;tcrs i:_ th,, ti:c, base <il<,l*;/toY _tild fr_,m tb,_'sc it >e_ei-,lt,.'s the

followi:_R si£nats by log_ical 4ati;_::

.a) _Jt_rd nnd TV frame c Jkock purses for the cau<,ra svnc ,,.?::cy:ltt_-.

b) TbI fralc svp.c pulse for i;,.sertion c_u/tro[.

c) T:.I fra'.'._e !,uls,.,s f_,r ,.':-as_._-c c_,_,trol.

d) TV fra_nc s\'nc pulse f,,r shutt.,r contr<}l.

Th_:;e si:-_,-_ks ;_y,. i:_ a,_r,.u::>,l't with Fig. "_-'+ wh,,r_, [he )-,cp._,.._L t i _-

.qi:_co £L is assu::>'d Lhat a£t three st_i)c4:ri,q._ ,,.Te c,I>:r:_e,] .qi::_L_l-

tglnv'ou:;l'J, the .qa:_{' outl)L_t.s _,pwl_kc _1]_]_ tllI'<'O C;H'I_'F/t.q .viv'lk'_lFt){lOkl,-il_ '. _l}]i'

csti:_ated ph/sical ch/lrnctc:'i_licn of Lhe c:_:nern c_,ntt-,>[ !-vo.:-a:,.::_,r g_ro g_.q

fol t,_ws :

Vohl:'lO 20 c'.!. i:_,

W_'i_:h t t0 oz.

l".u..'c:- C;,,nstv_i;t_on 300 :,il_l_iwntts

Th+ t-cl,visioz: s._c!_,,I_izr'_ cont:_ins the u>u:_l cirr._it elc:_e_:ts _f

a PC3I t_'lcmetcv IU:O:r4;:_:_<,r. Fr,_> th,, clock put-,.' cou:_tc:,s, _,t',tp_ts in t:hc

'ii _' B,_sc (;<..,'_'_:_t,_r scquu_ccd bit, w_,Fd and T}I f?:l;_e _u[>cs al'e cl,.,Ti'e,,ci tbr ,u.:h

c,%'L,t:I.L1]_;II" :_;_triccs. 'The:' /)it I_t,[s,.'s opcrat,' the A,/I) co;:,'crt_':- and i:: cot_)unc-

t ioa with sclect-.d :at_rd and frame puls,'s pro'.'ide M,th TYI ,:_:nd TV frame svnc

code v,,_u-d ;:encrati,_n. From the w_,rd cou:tt..,r the sa;-;t:£<' and hold co'_:_a_d Futsc

is d_'vivect, while thu bit cou_:t_,r _eith s_,::_c tt;i.-icait _;akin; p_o,.'i.des the attcx-

nag i no; onk:s and zeros of the prc-c:,:],;ost_t-c messa;t..

Note that the '[_.-I f?-.1T:i,_. ,qv_lC pU]_SOS OF,2 the same ,as tint' insertion

control pulse for th,., ca_>.,ra; si:_il:_ pataLtelism _pplies to the TV f_-a:-_e

svnc l,ulse and stnuttcr contr,,1.

The est_:_t,.'d char:_ctoristic.,; arc as follows:

Volu:'_e kO ca. in.

t4_'i :ht 20 ,,z.

Po.,,cr (ionsu:ni_tion t watt



Te lerletrv Control

The elements of the NB telemetry synchronizer are very similar

to those of the television synchronizer. Here again rectangular matrices

provide the seque_ced bit, w_rd, frame and subcoT_m_utation frame pulses.

The selected word pulses operate the a_lalog primary multiplexer,

while the frame pulses turn on the submultiplexer.

Selected bit and word pulses provide readout from several digital

data sources in the digital multiplexer.

Sample and hold and A/D converting operations are only required

during the analog-source-sampling portion of the frame. During the digital

source words the bit and word pulses operate the Encoder register as a shift

register for parallel-to-sorial conversion.

Sync code words are generated in a similar fashion from the selected

bit, word and frame pulses.

The physical characteristics are estimated as follows:

Volume 80 cu. in.

Weight 2 ibs.

Power Consumption 2 watts
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SUBJECT :

Page 2

/

Data Storage and Control for Mariner Capsule Study - Continued

I) Number of pictures

2) Bits per picture
(including sync)

3) Scan Time

4) Playback rate

5) Recording Time

10 black and white

30 color

1.3 x _05 black and white

4 x I0" color

6 sec./picture

I00 bits per second

2 minute black and white

1 minute gap
2 to 4 minutes color

These requirements lead to the specifications listed in Table 5-2.

Table 5-2

Tape,Storage Specificationl

Number of Recording Tracks

Bit rate per head

Packing Density

Tape length (40 plctures)

(10% for i start-stop gap)

Recording Velocity

Playback Velocity

Power

Weight

Size

Playback Time

S_art or Stop ¢ime

9

7400 bits per second

200 bits per inch

800 feet

37 inches per sec.

0.5 inch per sec.

2 amp. at 28V

10 pounds

7 in. OD, I0 in. long

4 hours

3 seconds

Currently under development at Consolidated glectrodynamlcs

Corporation, Pasadena, California, is a satellite magnetic tape recorder/

reproducer with specifications very close to our requirements. It is

representative of the state-of-the-art of aerospace magnetic tape equipment.

-53- f-



SUBJECT: Data Storage and Control for Mariner Caps ul,e Study - Continued

Page 3

The following specifications have been published by the manufacturer:

Size 200 cubic inches

Weight

Tape Speed

Now & Flutter

Design Life •

Frequency Response

Tape Capacity

Tape Width

Start Time

Power Consumption

Record

Reproduce

(reduceable to I00 cubic in.)

6 Ibs. or less

1 ips record

18 ips reproduce

1.5% peak-peak 1 to 300 ips

4000 hours

1K and 25 KC

750 ft.

1/4 or 1/2

2 Seconds

28 VDC supply

0.27 watts

0.54 watts

DEG/pl
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AERONUTRONIC DIViSiON

Intra-Company Communication October 17, 1961

TO: Distribution

FROM: M.G. Boobar

SUBJECT:

co'. So Lampert

D. Rodriguez

L. Stimpson

Mariner B Capsule Study - Communications Blackout During Entry

Attached are two figures showing the stagnation point temperatures,

pressures, electron densities and collision frequencies, as a function of time and

altitude, for a capsule entering the Martian atmosphere (Atmosphere E) at an initial

velocity of 22,000 ft/sec, 9E - 90 and m/CDA = I.

The high electron densities (_i014) indicate a probable transmission

blackout, based on stagnation point conditions, from altitudes of over 800,000 feet

to below 150,OOO feet. A cursury examination of the 20° entry angle trajectory

and both 20° and 90° angle trajectories at VE - 26,000 ft/sec indicates that the

same conditions will prevail.

Conditions at the skirt (side) and rear will not be as severe° The

degree of improvement is difficult to "guestimate" without the development of some

sort of flow-fields. Time limitations on this study obviously do not permit this

sort of development, However, an "eyeball approximation" will be attempted if and

when our Molller diagram is completed.

/cyl

Two Attachments

Distribution;

J. Arsenault

R. Aue Imann

T. Bergstrahl

I. Blifford

M. Boobar

P. Bower

M. Caldwel i

E. Durand

R. Foster

A. Gamma I

J. Hanrahan
K o Harder

V. Henderson

177

J. Housego

J. Jansen

J. Kemmerly

W. Lemm

F. Losee

R. Morrow

G. Miczaika

R. Nagorskl

T. Neumann

Eo Onstead

Jo Oslake
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AERONUTRONIC DIVISION

Intra-Company Communication 30 October 1961

TO:

FROM:

SUBJECT:

Mariner B Distribution List

E.W. Onstead and J.L. Arsenault

Maximum and Minimum Capsule Transmitting

Angles and Distances

This memo provides the preliminary values of the maximum and

minimum capsule transmitting angles in order that the power require-

ments of the capsule may be defined. The capsule transmitting angle

(_) is defined as the angle between the capsule-bus line of sight

and the capsule areo-centric (Martian) vertical. As a result of this

definition, the maximum _ for a given set of initial conditions will

always occur at impact.

This preliminary investigation was carried out for the range

of bus minimum altitudes (h), capsule impact parameters (S), and initial

velocities (V I) of interest. The values of these quantities are tabu-

lated below:

S (km) h (kin) V I = V (km/sec)a

2 x 103 6 x 103 4

4 x 103 8 x 103 5

0 I0 x 103 6

These particular values of S, h, and V I were dictated by launch
date, geocentric energy, and the photographic mission constraint that

.2%.S= • B_during the vertical descent portion of the capsule.

Figure 4, which is a plot of the trueanomaly difference (true

anomaly at impact of the capsule minus the true anomaly at "impact" of

the bus) versus bus minimum altitude for different values of capsule

impact parameters and asymptotic velocities, indicates that the condi-

tions giving rise to the maximum capsule transmitting angle are S = 0,

V 1 = 4 km/sec, and h = 6 x I0 km. Likewise, the conditions giving rise
to the minimum _apsule transmitting angle are S = 4 x I05 km, V I = 6 km/sec o

and h - I0 x 10° km. These angles are evaluated to be as follo_s: _= 7g,_

and ¢_m,_= _o. These angles and their c©rresponding communication distances

are tabulated in Figure 2.
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EVALUATIONOF _ AND

The capsule trajectory and bus trajectory have three things

in common: radius at "infinity" (_i) , velocity at "infinity" (VI) , and,

for our investigation, the elapsed time on each trajectory is the same.

(See Figure i) The elapsed time is the amount of time required for the

capsule to impact on the surface of Mars. This elapsed time is very

nearly equal to elapsed time to perigee. Since the capsule trajectory

is a hyperbolic trajectory, Lambert's equation as expressed by Eq. (I)

provides an accurate means for computing this time. Lambert's equation

is written as:

(1)

where:

Aur_

J

_i_ n_ are any two radii.

these two radii.

The quantities

The quantity C is the chord length between

In order to find the true anomaly of the bus at capsule impact,

it is to be noted that the total travel time of both vehicles is very

nearly equal and quite large (on the order of 70,000 sac). Therefore, we

need only use one trajectory, the capsule trajectory in this case, and per-

turb it at perigee to find the variation in trip time to infinity (P_).

This ti_e variation multiplied by the mean motion ('_), yields a _M [change

in the mean anomaly) which is added to the mean anomaly of the bus at

"impact" (_). In essence, it is being implied that the _ between

the two orbits to perigee is approximately equal to the _ or _ by which

the bus must lead or lag the capsules at impact; that is, _@ _ _ _ A_

which in turn yields a value fdr _ (true anomaly at impact of the bus).

The actual method of computing _N" and _ is as follows:

I. Differentiate (i) under the constraint that _ and 0_are constants.



Page 3

where

ac

c.)n_. b_z.

/g _I .-- ]

..__a____(_40.-,,,_'_ _ '_)

Note: Second order effects may be neglected here as the second differential

was found to be identically zero. Therefore:

However:

This yields:

,6C v...__ll-z. A_Jb C..._ rlt

..,{.!-



Page 4

where _2 for this investigation is the difference between the
capsule and bus perigee distances, _ is the perigee distance of the

reference orbit (capsule trajectory), _is the semi-major axis of the
reference orbit also.

II. Utilizing equation (2) and other known quantities, _may be

calculated.

III.
From the geometry of the situation, Figure (_), _ and
may be .i_._____

[I_:B = _ _.

i i i i.i |

c.o= =

IV. For rectilinear hyperbolas (S = 0) _ goes to zero. This implies

that we are interested in the limit of equation (3) as _,G approaches
zero.

J.H -- aO z
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From this point on, Steps I, II, and III are again utilized to

evaluate the parameters of interest:
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GLOSSARY OF TERMS

Symbol Definition Units

%
S

vl
vA

_-z_

=<

0%

M

_B

qs

impact parameter of bus orbit

Impact parameter of capsule orbit

Minimum altitude of bus orbit

Velocity of capsule at F]-_

Velocity of bus at _ = [q_.

Initial radius of both bus and capsule

Radius of Mars and impact radius of

capsule orbit

"Impact" radius of bus orbit

Communication distance

rm ..... ------•Lu= anomaly of h,,= ._ "_mpact"

True anomaly of capsule at impact

True anomaly of bus at _- _l

True anomaly of capsule at _ "_ _.

Capsule transmitting angle

Semi-major axis of capsule trajectory

Gravitational constant of Mars _ N_

Mean motion

_lean anomaly

Eccentricity of bus orbit

Semi-major axis of bus orbit

Angle between bus radius vector and

capsule radius vector

km,

km.

km/sec

km/sec

320,000 km

3,310 km

km.

km.

degrees

degrees

degrees

degrees

degrees

km.

km3/sec 2

rad/sec

rad

degrees



lntra-Company Communication

AERONUTRONIC DIVISION

i

ll!Nmller 6, 1961

TO: J. E. Kemmerly FROM: W. _m_l_ps

SUBJECT: Notes on Mariner B Transmitter and Recelv_

L_-/:-f-ii

Attached please find the rough draft of the descrlpt_n of the 250 Mc

transmitters and 250 Mc phase clock receivers for the Nariner B.

Attach

WG/pl
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.,t

l ,iL: _
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Mariner B-I

Section 3.1

October 21, 1961

W. Garrigus

Draft 1

3.1 RECEIVER SYSTEM

The receiver system for the Mariner B-I spacecraft sub-system

communications system receives the signals transmitted by the capsule. For

purposes of this section, two separate receiver types will be discussed; namely

a wide band and a narrow band. However, there might be certain savings of

primarily power, size, and weight to combine certain portions of these two

types receiveKs. The desirable improvement in reliability by redundancy of

completely individual receivers might make separate receivers more desirable.
m

The final trade off of reliability versus primary power size and weight of

the overall spacecraft would result in the final decision of completely

separate receivers or partially combined functions of the two receiver types.

Aeronutronic has a welded module laboratory and is engaged in

constructing sub-assemblies using this technique. The estimates of size

and weight for this section are based on using the welded module technique

where applicable and on,using a cast module construction as mentioned in

Section 4.3 where applicable. Receivers thus constructed can be used on the

Mariner B-I spacecraft with flight assurance.

The calculations in other sections of this proposal for required

performance plus margins considered necessary indicate phase modulation

techniques be used. The receivers described here, therefore, are designed

to demodulate RF carriers that have been phase modulated. The resulting

demodulated subcarriers have been phase modulated and these receivers are

provided with circuits capable of converting these subcarrier signals into

the desired _PAI_, PCM, etc. outputs to be used by the data processing

circuits described in Section 3.3 of this study.
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Mariner B-I

3.1.1 Wide Band Receiver

This receiver is a double superhetrodyne receiver and has sub-

carrier demodulation circuits. It consists of an RF preselector, RF amplifier,

first mixer and associated multipliers, etc., first IF amplifiers, second

mixer and associated oscillator, second IF amplifiers, phase lock detector

and associated oscillator, and subcarrier phase lock type disciminator circuits.

The block diagram of this receiver is shown in Fig. 3.1.1-1.

The RF preselectors provide a reasonable image and IF rejection

such as 40-60 db. as well as match the input to the RF amplifier and the

RF amplifier to the first mixer. The RF amp_lifier may be a low noise

traveling wave tube, an all ceramic-metal type (GE 7077 series) or a new

low noise transistor (available by 1964.) The mixer will be a _UHF diode

mixer. The multiplier chain used to perform the L.O. function in this mixer

(e.g. 2N708)

will be composed of the required transistors/and varactors (e.g. Microamp

Associates MA4356E) used as amplifiers, buffers and multipliers. The first IF

amplifier (e.g. 30 Mc) may include three to five transistor (e.g. 2N501)

stage. The second mixer will have an oscillator injection derived from a

transistor crystal oscillator and buffer stage. The second IF amplifier

(e.g. 455Kc) will consist of three or four transistorized amplifier stages.

The phase lock detector consists of phase detector with two input signals--

one signal from a crystal oscillator (e.g. 455Kc) buffer amplifier and

one signal the output of the second IF amplifier. The output of the phase

detector is filtered and used to control the oscillator which drives the

multiplier string, thus closing the phase lock loop, and the output is also the

sub-carrier phase lock discriminator.

The phase lock discriminator is composed of the proper standard

IRIG _ sub-carrier channel filter, a limiter amplifier, a phase detector, fed



Mariner B-I

Section 3.1

l)

2)

3)

4)

5)

6)

P_ACKAGE

RF Preselector, Mixer,

First IF, VCO &

Multipliers

2nd Mixer, Second

IF Amp, VCO & Buffer,

Phase Comp.

Ref. Osc., Buffer

Amp., Lim. Amp, Loop

Amp, VCO, etc.

One Receiver

Three Receivers

One Receiver

Three Outputs

TABLE I

SECTION 3.1.1

DC POWER

(INPUT-WATTS)

2.5

1.5

1.8

5.8 Watts

x 3

17.4 Watts

14.9 Watts

VOLUME

_CUBIC INCHES)

9.0

8.0

7.0

24 Cu. In.

x 3

72 Cu. In.

63 Cu. In.

WEIGHT

I0.0 Oz.

....:,,__

9 Oz.

8 OZ.

27 Oz.

x3

81 Oz.

71 Oz.
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by the sub-carrier signal and a VCO (operating at the chosen standard IRIG

sub-carrier frequency), a loop filter, loop amplifier, proper output filter, and

output amplifier having the proper signai level to drive the data processing

equipment.

As described elsewhere in this study, it may be desirable to have

three separate wide band RF channels. If separate receivers are used for each

of these channels they will each be as described--each being tuned to separate

RF carriers. If one receiver fails, then the two remaining receivers will still

semd signals. As shown in Table 3.1.1-1 this required more size, weight, and

primary power. If'a substantial saving in size, etc. is desired, one receiver

with separate detectors can be used as shown in Table 3.1.1-1.

The block diagram of such a receiver is shown in Fig. 3.1.1-2. This

receiver uses common RF first IF, and first mixer oscillator-multiplier by

having the RF,and first IF bandpass characteristics wide enough to pass all three

signals _ thout relative phase shift between them.

3.1.2 Narrow Band Receiver

The narrow band receiver handles the telemetry signals employed on

the mission. It is probable that this receiver could be one more receiver

much the same as the ones described in Sec. 3.1.1 with the required changes

in filtering to handle the required telemetry signals. By using the same basic

receiver, a considerable saving of time and money could be realized.
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4.3 TRANSMITTER SYSTEM

The transmitter system for the Mariner B-I communication system must

be discussed in terms of flexibility. Aeronutronic is presently delivering

a 960 MC 50 MW-transmitter to JPL for the Capsule for the present Ranger pro-

gram. Aeronutronic is presently developing a 5 watt transmitter for 960 Md

use for a follow on program for the Ranger program.

These transmitters are all semiconductor transmitters packaged to

withstand 3000 g shock by using a cast modular construction. They are very

small, light-weight units cast of alu_ninum and gold plated. Some cavities

have been made of magnesium and then plated. By using the basic circuitry of

lower frequency stages low power transmitters for the Mariner B-I could be

constructed with very little engineering effort as the circuitry mnd layout

could be very similar to the units now being employed for the Ranger RA-3, 4,

and 5 and follow on programs. Valuable phase modulation experience and phase

stability experience has beer gained during the design of these transmitters.

I00 watts

For the purpose of this study powers of 2 watts, I0 watts,/200 watts,

500 watts will be discussed. They will have phase modulated sub-carriers and

phase modulated RF carriers.

• .3.1 Modulation

The transmitters discussed in this section are all phase m_hlated

to be compatible wit_ the phase detector receivers discussed in Section 31 of

this study. The actual degree of modulation and rate of modulation will depend

on trade-off of many factors e.g. battery power, weight, size, pictures desired

for time allowable, etc. Figure 4.3.1-1 shows the probable modulation block

diagram.
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The present Ranger unit uses a Dorsett Laboratories Model 0-8 for the

voltage controlled oscillator. This unit is an FM unit and would have to be

modified to operate PM. Depending on the required data bandwidth various IRIG

channels can be used and various VCO's can be selected. The VCO output is
4

then amplified by a linear transistor amplifier (such as a 2N736), the

transistor type being selected depending on the required amount of modulation.

The output of the transistor amplifier feeds a varactor which is

connected to the tuned circuit of the Class C amplifier. A typical varactor

would be a Pacific Semiconductor Type PC 117-14 but the actual type would be

selected on the basis of the required modulation etc.

The amplifier and multiplier stages following the modulation stage

must be designed to be phase stable with respect to electrical levels and

environmental changes. This has been ac_mplished on the transmitters now

being used in the Ranger capsule program.

4.3.2 The Wide-Band Transmitter Exciter

This exc,iter will be used to drive the Power Amplifier and depending

on the power amplifier input requirements the output of this exciter will be

designed to provide the required drive power.

It is estimated that the output of the wide band transmitter exciter

will be 2 to i0 watts depending on the power level required by the power

amplifier. Figure 4.3.2-1 shows a block diagram of such a transmitter. The

dotted stage would be used only if the required output is about I0 watts. The

crystal oscillator and the buffer amplifier could use type 2N915 transistors

and the next two amplifier stages could use type 2N1709 transistors. The

power amplifier (dotted) might use a pair of type TA 2084 transistors. A

typical schematic diagram is shown in Figure 4.3.2-2.
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The estimated power requirements, weight, and volume are shown in

Table 1 (Section 4.3.2).
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_.3.3 Power Amplifier

The present semiconductor art considering 1964 era does not indicate

practical amplifiers operating at 250 Mc havlng power outputs of I00 to 500

watts. The power amplifiers that appear to offer the most promising results

will be the ceramic metal tubes such as the RCA type 7457 and type 7650. RCA

has used a ceramic pin in the center of the 7457 tube to make it strong enough

to survive severe shock. Aeronutronic is testing this tube and the G.E. type

Z 2869 which is a tube capable of supplying about 5 watts of RF power.

The Power Amplifier for this program would actually consist of

two amplifier stages as well as the self-contained power supply. The power

supply would be integral to the PA package to reduce the problems of high

voltage connectors, etc. Figure 4.3.3-1 shows a block diagram of one possible

configuration. In RF work where high powers are involved it Is desirable to

divide the lower level high gain stages from the hlgh power stages thus the

power amplifier actually has one driver stage as well as the output stage.

The driver would consist of an all metal _ceramlc tube such as a type 7457 or similar

Cube supplylng 30-80 watts of power to dr_ve the power amplifier stage. The power

amplifier would consist of one all ceramic _uetal tube such as a type 7650 or similar

type having an output of 200 to 600 watts. This tube line up will adequately

provide this power range when the proper supply voltages are applied and proper

drive levels are set up. The level control shown samples the RF output level

and if for some reason the antenna system does not present the proper load to the

power amplifier, the level control w_ll reduce the driver level to prewent arc-

over of the power amplifier circuits. This would allow the transmitter to operate

at reduced levels, thus hoping to get some signal transmitted. A typical circuit

diagram is shown In Figure 4.3.3-2. A typical dc to dc converter circuit as

shown in this circuit will provide 80-90% efficiency. Size, weight, and power

are shown in Table i Section 4.3.2.
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4.3.4 Narrow Band Transmitter

This transmitter will take the basic general block diagram as already

shown and discussed in Section 4.3.2 as the Wide Band transmitter exciter.

The only change would be the phase modulation would be less. ,The,size and

weight would be the same relative size. It might prove of great benefit to

use the same transmitter to reduce design costs, etc.

TABLE I SECTION 4.3.2

SUMMARY OF 250 Mc TRANSMITTER CHARACTERISTICS FOR _RINER B-I

Package DC Power (Input-Watts)

Complete 2 watt 14.1 30

transmitter

Volume (Cubic Inches_

Complete i0 watt 57.4 40
transmitter

Complete i00 watt

power amplifier

and dc-dc converter

Complete 200 watt

driver, power

amplifier and

dc-dc converter

223

(45% eff)

550

(36% eff)

1220

(41% eff)

Complete 500 watt

driver, power

amplifier & dc-dc

converter

120

180

250

Weight

32 Oz.

45 Oz.

7 lb.

I0 lb.

14 lb.
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AERONUTRONIC DIVISION

Intra-Company Communication

SUBJECT: MARINER B CAPSULE STUDY - CAMERA SUBSYSTEMS

24 October 1961

FROM: ERIC DURAND TO: JOHN HOUSEGO

GENERAL OBJECTIVES

The general objective of the camera subsystem is to obtain as many

pictures of Mars as possible, covering a wide range of fields of view and

resolution. The greatest interest would be in pictures of the entire visible

illuminated disc, but the interest in smaller areas at higher resolution is

also very high. A secondary objective is to obtain part or all of these pictures

in color.

SPECIFIC OBJECTIVES

In order to be compatible with the requirements for simplicity and

reliability, the principal specific objective has been established to obtain the

best possible pictorial coverage in color, starting as soon as the heat shield

can be ejected after reentry, and continuing down to impact. Again, for sim-

plicity and reliability, no parachute is proposed, so that no picture-taking or

data transmission can occur after impact.

An addition tentative objective has also been included, to take

monochrome pictures of large areas prior to reentry. Equipment for this purpose

would be included if further study verified the preliminary conclusions as to

its feasibility and simpliclty_

DESCRIPTION

a. Primary Subsystem

The primary subsystem provides post-reentry 3-color and monochrome

pictures from an altitude of about 12 Km down nearly to impact. It consists of

three completely independent vidicon cameras with appropriate color filters,

each with its own electronics and data transmission equipments. The only items

cormmon to the three are the progranlning control, a multiplexer, and the trans-

mitting antenna_ Video data from the cameras are encoded and transmitted by a

PCMJPSK/FM telemeter to the bus, where they are received through a common

antenna and separate receivers, and recorded on three channels of a magnetic

tape recorder for subsequent retransmission to earth at a reduced bit rate.

-i-
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Figure 1 is a block diagram of the camera subsystem and includes the

secondary pre-reentry camera. The principal parameters of both parts of the sub-

system are given in Table i.

It would be very simple to use common sweeps, amplifiers, etc., for the

three cameras. However, while this scheme would give improved reliability for

obtaining a complete set of color pictures, it gives a reduced reliability of

obtaining at least one or two. Table 2 shows the relative probabilities for

various cases assuming a 9_4 reliability of the separate (or single) channel, and

1007, reliability of the commou elements.

TABLE 2

PROBABILITIES OF SUCCESSFUL OPERATION

SUCCESS ACHIEVED

All three pictures
At least two out of three

At least one out of three

None

SEPARATE CHANNELS

•729

•972

.999

•001

CO_ON CHANNEL

.9

.1

It is certainly far more important to get some kind of pictures than

to get a full color set, and the probability of achieving this is greatly

increased in the separate-channel arrangement.

A second advantage of the separate-channel arrangement is that it

permits the use of up to 600 watts total transmitted power using off-the-shelf

transmitters, which are currently available up to 200 watts. Alternately, the
200 watt transmitter can be operated at reduced power to enhance reliability.

The three cameras are mounted in a cluster in the nose, looking axially

downward. They are exposed to view by the process of no,e-cone separation, and

immediately start taking pictures. At first, all three cameras operate in

synchronism, with a short exposure (0.01 to 0.001 second) followed by a _- second

readout, the vtdicon8 being of the storage type• At lower altitudes, however, the

percentage change in altitude between successive frames increases rapidly, and

it may be desirable to shift the "phases" of the cameras relative to each other,

thereby getting effectively a three-fold increase in picture-taking rate,

sequentially red, green, and blue, at the expense of not being able any longer

to superimpose these into a single color picture. Table 3 gives the planned

picture sequence for both the pre-reentry and the post-reentry subsystems.

I

I
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Camera Subsystem : _4 _ 10125161

TABLE I

CAMERA SUBSYSTEM PARAMETERS

n3___E

Camera dimension

Control unit dimension

Total weIsht
Resolution

Gray scale

Format (square)
Frame Rate

Data transmission

Data rate

VIDICON

8" long x 2-1/2" dia

3-3/4" x 5" x 7"

6 Ib

200 x 200 TV lines

8 level

0.44" x 0.44"

1/6 per sec

Coded digital

30,000 blts/sec

Type
Number

Tube Type

Operating Altitudes
Lens

Affsular resolution
Field Covered

Ground resolutlon

Exposure

Pictures obtained, BW
Color

PRE-REENTRY

B&W

1

WX4530

33,000o175 KIa

._, _,v/L4,
1mr

7300 - 40 Km

37- 0.2 Km

iii000 sec

28

POST REENTRY

Co lot

3

WX4530(2>

7351(1)
15-0 Km

:12.5, m,' _'./-1.4
4mr

15 - IKm

75 - 5 _rad
1/200 sec

18

I
I

i
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TABLE 3a

PRE-REENTRY PICTURE SEQUENCE*

50 mm Lens - 0.44 inch fleld

RANGE I. Power shut-down between pictures, timed to give 2070 reduction

in field of view from picture to picture.

AL.TITDDE TIME TO REENTEY TV RESOLUTION

33,000Km 4310 sec. 7400 37

26,400 3420 5900 30
21,000 2730 4700 24
16,800 2180 3780 19
13,400 1740 3000 15
10,7001 1380 2/-1.00 12

8,570 1100 1910 9.5
6,850 880 1530 7.7
5,490 700 1230 6.2

4,390 550 980 4.9

3,500 435 780 3.9
2,700 351 600 3.0
2,160 260 480 2.4
1,730 203 385 1.9

1,380 158 308 1.5

I,I00 121 245 1.2
880_ 92 195
700 69 155

2!. Power on continuously.
reentry at 175 Kin.

One picture per 6 seconds. Nominal

Km

975 meters

775

ALTITUDE TIME TO REENTRY FIELD COVERED TV RESOLUTION

631
585
540
494
449
403
357
312
266
221

60

54

48

42

36
3O
24

18

12

6

140 IOn 700
130 650

120 600

II0 550

i00 500

90 450

80 400

70 350
60 300
50 250

meters

* Based on constant approach velocity of 7.62 Km/sec. Actual sequence would

be sllghtly modified because of increasing speed and non-vertlcal descent.
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TABLE 3b

POST REENTRY PICTURE SEQUENCE
12.5 m_ lena - 0.44 inch field

ALTITUDE TIME TO IMPACT EIELD

50 K feet 112 sec 14.2 Km

45.0 106 12.8

41.0 I00 Ii.6

37.0 94 I0.5

34.0 88 9.7
31.5 82 9.0

28.5 76 8.1

26.0 70 7.4
24.0 64 6.8
21.0 58 6.0

18.7 52 5.3
16_6 46 4.7

14.4 4O 4.1

12.2 34 3.5

I0. i 28 2.9

8.0 22 2.3

5.8 16 1.6

3.6 10 1.0

RESOLUTION

71 meters
64

58

53

49
45

42

37

34

30

27

24

21

18

15

12

8

5

I
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b. Secondary Subsystem

As was mentioned earlier, it is most desirable to be able to get the "big

picture" view of Mars as well as the finer details obtainable after reentry. A

camera on the bus can easily observe the entire disc, but its distance of closest

approach of 8000 IOn (with a probable tolerance of ±5000 Km) does not permit covering the

intermediate level of detail between this and the coverage of the primary cameras.

The secondary subsystem serves to bridge this gap. Since it can operate, if desired,

as soon as the capsule separates from the bus, it can also perform the same

picture taking role as the bus, and can either replace a bus camera, or back it up.

The principal problems of a pre-reentry camera subsystem relate to

attitude control and orientation. A simple scheme is proposed to circumvent these

problems. In this scheme, the capsule is allowed to retain the orientation

with which it separates from the capsule, which is roughly 90 ° from the then-

existing capsule-Mars line. The capsule is partially despinned, leaving an

angular rotation of about 10 rpm, which is fast enough to hold the orientation and

yet slow enough to permit motion-stoppage during the exposure. Therefore neither

attitude control, reorientatiou, nor image motion compensation is required.

To minimize the coverage gap between the pre-reentry and post-reentry

cameras, the former should use a long-focus lens and the latter a wide-angle lens.

The maximum allowable focal length for the pre-reentry camera is determined by

image motion effects. Thus, for the assumed spin rate of 1 radish per second and an

exposure time of 0.001 second, the displacement during exposure at right angle to

the spin axis is I milliradian. Since proposed vidicon system has 200 TV lines, a

smearing of one line-spacln8 occurs for a field of view of 200 mr or about 12". The

diagonal of the image on the vidicon is 0.62 inch, so that the longest-focus lens

that can be used for one-line smearing is 3.1 inches. If the vidicon is oriented so

that smearing occurs along (or perpendicular) to a scanning line, whose length is

0.44 in., the focal length must be reduced to 2.2 inches. There are many high-

speed 50 mm and 58 mm lenses commercially available#

Wide-angle lenses are used for the post-reentry camera. A good choice

would be a 12.5 mm F/1.5 lens designed for 16 mm movie camera use. This lens
has a field of view of 50 ° across the frame and 67" across the diagonal.

v ico ss cz,,z,o 

A number of vtdicons of several different manufacturers have the

right general characteristics for the present application. Table 4 lists the

more prominent candidates for the Job. Of these, only the ones labeled "Slow

Scan" and "Storage Type" are explicitly designed for short exposures and delayed

readout, but contacts with manufacturerls representatives indicate that all of the

others will hold their signal for 5 to 10 seconds. Machlett Laboratories, Inc.

actually tested the ML522B and the 7351 under conditions similar to those described

here and found them to perform satisfactorily.
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As a preliminary choice, the Westinghouse WX4530 has been selected for

the blue and yellow cameras and the pre-reentry camera, and the Machlett 7351

for the red camera. All of these and other tubes should be studied and operated
experimentally however, before flnal selectlon. In particular, it may be better

to use a fourth WX4530 for the red camera to get good geometric matching for

color. Also, the new RCA I/2-1nch tubes, which can stand up to 2000 8 shock,

,may prove suitable, providing a somewhat smaller camera.

All tubes appear to be amply sensitive, and should glve good slgnal-to
noise ratios with a mean illumination of 10 -3 foot-candle-seconds on the faceplate.

EXPOSURE _0 LENS APERTURE

The question of the surface brightness of Mars is covered in a separate
memo** which shows that an F/_O lens will give an illuminance of 180 foot candles,

Bllfford, I. H., "Mariner B Capsule Study - Surface Brightness of Mars,"

October 2, 1961.

so that the shutter time of one millisecond required for the pre=reentry camera

gives a total exposure of 0.18 foot-candle-second.

As mentioned earlier, The vidicons being used have adequate signal-to-
noise ratios for exposure of i0 -_ fcs, so that there is a factor of 18 margin

for the F/1.O system. This would be used up as follows:

I. Reduce exposure time to 1/2000 sec if a suitable

shutter can be found of adequate rellabillty.

2. Use an F/1.4 lens.

3. Increase exposure light level to 4.5 x I0 -3 fcs

to provide better signal-to-nolse ratio and

allow for transmission losses in the system.

b. Post Reentry

For the post-reentry cameras, the effective speeds (for the 7351 vidicon

spectral response) will be reduced by about lOx, 5x, and 3x, respectively, by the

reds green, and blue filters. However, at this time, there should be very little

angular motions and the exposure times can be increased by at least a factor 10.

Consequently, an F/1.4 (or F/2.0) lens can be used with, say, a 1/200 sec exposure

to provide ample ilium/nation.

I

I
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V'IDICONS

SK.SITIV TY SPZCTit4L tw_Jd__

@

gCA C73496 1/2" 3000 4500_

RCA C74053 1/2" 2000 450000_
RCA 72634 1" 1300 /_500

Wes t:tughouse NX4350 1"_ 1300 4500 J[

WesctmShouse WX4384 1" 1300 4500 X

14achleCC I_L522B 1" 115 4050

Machlett 7351 1" 1"300 6400
GEC 1326 I" NA NA

m_v,Amu

U 1 Ct a-tussed
Ultra-ruqLged
Russed
Sl_v Scan
Sloe Scan

UV Seuttive
See Text

Scor_e Type

I/A: _n£ormatton noC available.

Note 1: Mlcremq>eres per lumen of 2870e_ color temperature lamp.

Note 2:, Peak for source of unL_or_ spectral _tput. All AJ00_, tubes have

S-18 surfaces which peak ac 5500_ £er 2870"g CunSsCen lamps and
response aC 600_ . The IdL522B has a sharp cut-off aChave 40-50_

$500_ and _e 7351 is sharply peaked lu the red.
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AERONUTRONIC DIVISION

lntra-Company Communication

To: J.E. Kemmerly

From: J.A. Jansen

Subject:

AL-137A

Revised 10/11/61

ALTIMETER, ACCELEROMETERS AND GYR0 - MARINER B CAPSULE

The purpose of this memo is to describe the size, weight, power dissipation

and operational characteristics of the altimeter, accelerometers and gyro

for the contemplated Mariner B capsule. Tables I, 2 and 3 surmnarize the

characteristics of these instruments; the memo concludes with a tentative

sequence of events pertinent to them.

Accelerometers

The functions of the accelerometers are as follows=

I. To monitor capsule "retro" from spacecraft

2. To monitor spin-up and de-spin

Be To sense incipient drag so that events timed from initial

entry may be triggered

, To measure capsule acceleration during entry as a means of

determining atmospheric density vs. altitude

5o To provide acceleration data to the parachute deployment

system.

Two accelerameters and _ g-switch are proposed for the capsule, placed as

sketched in Figure I. One accelerometer measures longitudinal acceleration

for functions I, 4 and 5 above and as a backup for function 3. The other

accelerometer is placed to measure the square of spin rate for function 2.

This accelerometer will also measure accelerations associated with malfunc-

tions of spin-up, retro or entry°

The function of the g-switch is to detect centrifugal force due to aero-

dynamic righting of the capsule during the initial phase of entry. As indi-

cated in Figure I, the acceleration aZ ,at-the g-switch location is

-I0-
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Z is assumed near zero during initial righting of the vehicle, andIf

.... requiredthe rhr_,shold level is assiimed to be _. _, the rate

yield threshold acceleration at _ foot from the c.g. is

it is expected that the rates encountered during righting will exceed this

value. If the centrifugal force doesn't trigger the g-switch, the subse-

_.decelcration will; in addition, the z-a×is accelerometer wiit bequent

used as a backup threshold detector.

Gyro

The function of the gyro is to measure the initial entry angle to pernit

integration of the acceleration for determination of the entry trajectory.

Characteristics of a suitable gyro are indicated in Table 2.

Altimeter

The functions of the altimeter are:

I. To provide data for relating all other measurements to

altitude.

2. To serve as an input to the chute deploymen( system.

3. To provide final-value altitude and altitude rate data for

the acceleration i_itegrations.

A pulsed altimeter op_ati_ &_ a freqmen_ _ound I00 me is proposed .....

This comparatively low frequency yields the following advantages: •.....__

I. permits all-transistor design, reducing weight, volume and

power requirements ;

2. produces for a given antenna size a large beamwidth to give

adequate ground coverage for large variations in capsule

attitude ;

3. reduces attenuation through the heat shield, the atmosphere,

and clouds. ._

Characteristics of a suitable altimeter are indicated _n Table 3.

Sequence of Events

The sequence of events pertinent to the accelerometer-gyro-altimeter

measurements is as follows based on "retro" thrust of the capsule rather

than the spacecraft:

i. The capsule separates from the spacecraft (to].

2. The tither switches power onto the accelerometer package.

3. Spin-up and "retro" acceleration are measured and tele-

metered to the spacecraft.

4. AccelErometer power is switched off; this is perhaps

minutes after separation.
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5.

6.

At about hours, the tivaer switches on the accelerometer

power and initiates de-spin; accelerometer outputs are tele-

metered to the spacecraft. Accelerometer power is then

switched off.

At about hours, the timer arms the g-switch circuit.

.

°

.

10.

11.

Aerodynamic rotation of the capsule throws the g-switch which:

a. initiates alti:neter operation_

b. applies power to the accelerometers and the gyro pickoffs_

c. spins up and uncages the gyro_

d. provides a new "zero-time" origin for events to be timed

from entry.

Altitude, acceleration and gyro angle data is telemetered and

also fed to the chute deployment system.

When the chute-deployment criterion is met, the exterior struc-

ture of the capsule including heat shield and extra-at::_ospheric

instrumentation is jettisoned; altitude, acceleration, and gyro

data continues to be tele_ictered.

The signal which initiates camera operation switches power off

the accelerometers and the gyro.

Altitude data continues to be telemetered until the minimum

operational altitude of the altimeter is reached.

J AJ : clm

Attachments (3)

Distribution

R. R. Auelmann

T. A. Bergstrahl

7. F. Blifford

M. G. Boobar

P. B. Bower

H. Caldwell

D. M. Conrad

F. G. Den_son

R. hi. Foster

A. A. Gamiaal

K. C. Harder

W. W. Hawley

V. H. Henderson

S. Lampert

W T. Lemln

F A. Losee

G R. Miczaika

R P. Nagorski

R F. Nease

T W. Neumann

J J. Oslake

D Rodriqucz

W. H. Schilling

I. F. Sobczak

D. S_mpson
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J.U/ I J.lOJ.

Attachment

Type of sensing element

Power dissipation

Full scale output

Minimum allowable load resistance

Accuracy

silicon strain-gage bridge

0.2 watts

0.250 volts

2000 ohms

Sensitivity: 27° F.S.

Size

Weight 0.2 lb.

Possible vendor Fairchild Controls

Zero shift: 1½% F.S.

i

5/8" dia. x 1/2" long

Type of wheel drive

Wheel speed

Motor power

Pickoffs

Size

Weight

Max. drift rate

Operating time

Possible vendors

Spring plus sustainer motor

24,000 RPM

3 to 4 watts

Potentiometers or digital commutators

2_" dia. x 3½" long

1-3/4 lb.

i deg/min

3 min. max. (determined by trajectory)

U. S. Time, Greenleaf

Table

Representative Characteristics of a Free Gyro

Suitable for the Mariner B Capsule
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I. Blifford

10/25/61

3.0 CAPSULE MISSIONS

The most obvious missions for a Mars capsule are those designed

to increase our knowledge of the physical characteristics of the body,

surface and atmosphere of the planet. Present knowledge is to a large

extent limited to s few facts which can be derived from dynamics and from

telescopic observetiens of the surface and atmosphere. The accuracy with

which the basic data are known is generally insufficient to assure a

successful mission. It is important that atmospheric parameters be measured

within the atmosphere and that surface structure be determined with

resolution on a scale comparable to the vehicle dimensions. Pictorial

records (Vidlcon pictures) would serve some of the above purposes as well

as providing a degree of public interest dlfficult to obtain in any other way.

Mars is the only planet for which enough information is available to be

able to postulate llfe forms such as exist on earth. While conditions are

comparable to those in the terrestrial stratosphere, the possibility of

detecting life is sufficiently good that such an experiment should have high

priority for inclusion in the capsule design.

Apart from vehicle operation and communications, the experiments

necessary for future missions are very much the same as the purely

scientific measurements. This is true particularly for the atmosphere

and to some extent for surface studies. The state variables of temperature,

pressure and density are undoubtedly of first importance and should be

measured for all altitudes and the surface. The chemical composition and

electrical properties are perhaps next in desirability.

-16-



Experiments dealed to provide knowledge of the surface

composition and physlcal proportles have quite similar objectives.

Obtaining photographs is an obvious flrst step since by comparing lunar

and terrestrlal geology much can be learned about the structure of the

planet and condition of the surface. From the landed capsule it should be

posslble to usa instrumentation slmilar to that to be employed for

shallar operations on the moon. These Include various bore-hole measure-

_ent8 which are in general miniaturized versions of standard instruments.

Sa_smouters and devices for remote chemical snalysls by various spectro-

graphic and nuclear methods could be used provided that the weight capablllty

exists.

Biological investigations designed to detect the existence of

life forms are likely to be complicated because of the difficulty of

identification. Various nutrients could be innoculated with samples of

soil or earth and some method for detecting changes could be used to indicate

growth. On the other hand there are few criteria for selection of the

nutrient media and perhaps other methods such as a search for protein may

be possible. In its Research Laboratories, Aeronutronic Division of Ford

Motor Company has under investigation a detector for proteinwhich operates

on a photometric principle. Although the e£fort is in quite preliminary

stages the results have been encouraslng and work is proceding under a

contract to NASA.

In general It is probably reasonable to look to the devices

presently being developed for analyzing the lunar surface even though many

-17-



of the instruments which have potential utility are still insufficiently

far along in design to be able to obtain a good idea of size, weight, power,

etc. An additional requirement which the capsule must satisfy in order to

provide useful measurements, besides the obvious temperature and vibration

isolation, is penetration of the capsule skin by probes. For virtually all

measurements with the landed capsule, orientation with respect to the Mars

vertical will be necessary.
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4.2 MAJOR EXPERIMENTS

For convenience the experiments have been divided into three

groups; atmospheric, geophysical and surface measurements. Of course no

such listing can be complete since the entire field is evolving rapidly.

It is probably safe to say that every one of the devices suggested here is

individually capable of being packaged to operate in the Mars capsule.

How many instruments or what priority is to be assigned to certain experiments

is a compllcatedmatter than can be decided only more or less subjectively

and in the light of results of development programs now in progress. Based

on statements by various authorities probably the atmospheric measurements

should be made first. The instrumentation is already available in miniaturized

form for terrestrial atmospheric investigations and a high degree of

reliability can be expected. The atmosphere of Mars is probably not so

different from that of the terrestrial stratosphere that great modifications

will be necessary. Other measurements which are essentially geophysical are

similar to those made by rockets launched from the surface of the earth to

investigate the upper atmosphere and differ mainly in the reversed order of

taking data. Some of these measurements could be taken from the bus and

significant results achieved. For example the magnetic field, radiation

and Schumann U-V experiments are in this category and the problem becomes

one of adapting existing instrumentation to the planetary probe.

A third class of experiments can be performed only from the launched

capsule. In the main they will be similar to those planned for lunar

surface studies. However since most of the instrumentation is still in the

developmental stage it is hard to predict which will be most practical for

planetary exploration.

-19-
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LIST OF MAJOR EXPERIMENTS

TELEVISION

LIFE DETECTION

ATMOSPHERE

i. State variables

2. P,V,T :

3. Ionization

4. Dust

5. Composit ign

6. Wind Velocity

GEOPHYSICAL

1. Magnetic Field

2. Radiation

3. Plasma and Ionosphere Transmission

4. Schumann U-V

5. Micrometeorites

su_^cs _u_s

i. Se ismic

2. Bore Hole Survey

3. Chemical Analysis
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4.3 PRELIMINARY SUGGESTIONS FOR CAPSULE EXFERI_NTS

4.3.1 .Photographic Reconnaissance

Probably television (Vidicon) photographs should have first

consideration for a major capsule mission. Therefore this particular

experiment is discussed in some detail. It has been pointed out that

temporal resolutlon may be important in the case of a planet llke Mars where

obscuratlons due to atmospheric conditions are observed. By analosy with

terrestrlal conditions atmospheric processes may be expected to have

characteristic time scales.

From the earth, the resolution of features on the Martian surface

will be about 300-400 km or with balloon-borne equipment 30-40 kin. It

appears that with the above spatial resolution atmospheric phenomena with

time scales of the order of days can be observed from the earth or from

balloons, on a scale of hours. From a previous discussion it seems that

it may be possible to obtain 200 llne TV pictures of the surface which will

have resolution of the order of lO-lO0 ft. In other words, it is quite

feasible to take photosraphs in proximity to Mars that will give resolution

of the surface vastly improved over that of terrestrial photographs of the

Moon. Even in the event of obscuratlon of the surface by clouds such

photographs should provide considerable information about atmospheric

processes. The basic limitation will no doubt be due to restricted data

transmission capability.

(1)

J

Studies of the Physical Properties of the Moon and Planets,
RM-2817-3PL, June 30, 1961.
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4,3.2 Life Detection Capsule

It is suggested that a second major capsule design be devoted

to an experiment to detect life forms. At the present time it is

felt that it would be premature to attempt to describe specific means for

accompllsh£ng this objective. As mentioned above the photometric protein

detector has shown some promise in the laboratory. In operation the device

would require obtaining a sample of the sol1 or perhaps the atmosphere.

This sample would then be put into a dye solution and the "J band" which

is formed in the presence of protein detected photometrically and the

information transmitted as s "yes or no" answer. Other types of detectors

are likely to be at least as co_licated and therefore more or lass

sophisticated.

4.3.3 General Experl.mnts

Magnetometer

The measurement of the magnetic field of Mars would be of great

. interest and it seems reasonable to expect that the instrumentation will

be available. Such devices have been developed for lunar and space

ap,pllcatlon. In view of the present lack of knowledge a simple rotating

coll device similar to that used on Pioneer would be useful. More

sophisticated instruments such as the rubfdlu_ vapor magnetometer may

also fall within the weight and size capability.

Plasma Stud£es

Another closely connected experiment of interest is the measure-

ment of accelerated protons and electrons in the magnetic field of Mars
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(if a field exists). This can be done by a plasma probe similar to that

being developed by Rossl at MIT. If Mars has these '_an Allen Belts"

Geiger and scintillation counters developed for rockets and satellites

w_uld provide relatively simple sensors and logic circuitry.

Ionospheric Studles

If Mars has an ionosphere probably radio probes can be used in

which slgnals of varying frequency are transmitted either from above or below

sn_ the returning echo measured. Other probe-type measurements have

been made in the terrestrlal ionosphere employln 8 ion collectors and

impedance probes which utillze the detunlng effect on a matched antenna.

O_tigal Measuremants

In the near infrared, emissions on the dark side of Mars would be

:important. On the light side it should be possible to measure (a_ molecules

hav_ag IR absorption spectra, (b) character of the reflecting layer and,

i (c) temperature at the reflecting layer. Such e.xperin_nts would employ

IR detectors sensitive in the wavelength range of interest and probably

would consist o£ ther_couple elen_nts with appropriate filters.

Another useful_r_velength region is the far ultraviolet. Using

relatively simple photoelectric detectors it should be possible to determine

some of tha constituent gases, and in particular hydrogen and oxygen which

axhibit resonance scattering in the 1300 _ region. Also telemetering

manochromators and retarding potential analyzers have been designed for

rocket use and my be useful if the required data rate is low (2) .

(2) Report on Conf. on Planetary At_spheres, Space Science Board 1_8,
Arcadia, California, June 24. 1960.



Atmosphere

The most important quantities to measure first are the surface

pressure, composition and temperature. This could be done by pressure and

temperature gauges much as in terrestrial upper air soundings since the

range of variables is probably not so great as to require radically

different instrumentation. Somewhat more advanced experiments could

employ mass spectrometers, ion probes and perhaps even a gas chromatographic

_avlce. The vertical gradient of the above quantities would be of the

greatest interest and it is difficult to see how it can be obtained except

with a probe to the surface. It may be mentioned here that the reduction in

velocity which would be obtained with a parachute would be an advantage from

the standpolnt of obtaining representative samples.

In connection with studies using far U-V absorption it is also

possible to carry along a source such as a small hydrogen arc. This would

be used in conjunction with photon counters having spectral responses adjusted

to coincide with the appropriate absorption bands. The same detectors

would of course function with the sun as a source but within the atmosphere

the auxiliary source would probably be necessary,

By selecting the proper frequencies it is probable that radio

transmitters within the capsule could measure the heights of clouds as well

as the degree of ionization in the upper atmosphere.

A more or less conventional spectrometer can be incorporated into

the capsule and measurements of the nlght and twilight airglow could give

valuable information regardin 8 recomblnation processes in the high

atmosphere. In addition, direct _asurement of the density of such ions
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as N2+ and 02+ can be made.

Horlzontal Wind Velocity

Dr. Y. Mintz, a RAND consultant, has proposed that the drift of

the descending capsule be used to measure the horizontal wind speed. He

proposes to use successive photographs taken from the slowly descending

capsule.

Surface Wind Ve!gcity

There are meteorological reasons to anticipate rather high surface

winds on Mars and the suggestion has been made that strong convection

similar to that observed in the Himalayan Plateau exists. Therefore wind

velocity measurements would be extremely interesting. If at all possible,

a landed capsule should include an anemometer, perhaps of the hot wire type.

Dust Clouds

One of the prominent observational features of Mars is the

presence of dust clouds which tend further to support the existence of

a high altitude desert climatic regime. It may be possible to use the

velocity of the descending capsule to provide information about the dust

concentration by recording impacts with a sensitive microphone such as

employed for micrometeorite detection. The sensitivity has been given as

5 x 10 -4 to 5 x 10 -3 gm cm sec "1. For a 10 micron particle and velocity

of fall of 500 ft sec "1 the _c.nentumwill be approximately

_Tr3 r3/O v_ IT4 (10x10"4_ x 5 x 5x102 x 30

-4 -I
_---3x 10 gm ¢m sec .

Therefore particles of the order of 10-100 microns should be detectible

by thls method.
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Neutron Elastic Scatterin_

It appears that considerable success has been obtained

experlmentally by the use of a neutron scattering technique. The prompt

gammas produced in the inelastic scattering process are detected with a

sclntillation spectrometer and by utilizing fast gating circuits the

response to the activation gamma rays is suppressed. Experiments with

piles of silica sand doped with certain trace elements have demonstrated

the feasibility of a remote semi-quantitative analysis of such material.

The application to planetary surveys is obvious. In the case of Mars a

search for oxygen would be especially interesting, since there is some

reason to believe that the surface materials are completely oxidized. A

light weight scintillation spectrometer has been designed for the Ranger

experiment and the construction of an accelerator is presently underway.

The above suggestions for experiments to be conducted with a

Mars probe are felt to be representative of present expert opinion on the

subject. It is not clear that there is as yet a real measure of agreement

as to specific measurements to be made.

"Remote Analysis of Surfaces by Neutron Gamma-Ray Inelastic Scattering

Technique", G. H. Schrader and R. J. Skimmer, J. Geophys. Res. 66,
p. 1951 (1961).
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4.4 DgSCRIPTION OF EXPERINgNTS

In the following table an attempt has been made to list

representative experiments along with information _4_ich is important

for design purposes. The state of the art in this area is advancing

rapldly and present efforts to develop instruments for lunar exploration

should provide a number of devices sultable for the Mars capsule. For

this reason most of the numbers given should be considered only as best

guesses although in some cases they may be based on existing designs.
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m aiD-- -_ i H a --

TABLE I

Experiment

PHOTOGRAPHS

LIFE DETECTION

ATMOSPHERE

i. Temperature

2. Density

3. Pressure

4. Ionization

5. Dust

6. Composition

7. Wind Velocity

Device

Vidivon TV

Bolometer, Resistance
Thermometer

Accelerometer

Pirani Gauge, Ion Gauge

Retarding Potential

Plasma Probe

Microphone

Mass Spectrometer,

U-V Spectrometer

Hot Wire Anemometer

We Ight

(LD)

0.I

I

0.5

3-6

i

S ize

(In3)

10

I00

50

50

50-100

50-i00

Power

Watt

0.I

0.I

Output

doCo

Capsule Requirements

Penetration, Altitude Meas.

Velocity Meas.

Penetration, Altitude Meas.

Penetration, Altitude Meas.

Penetration, Velocity Meas.

Penetration, Orientation,

Velocity

C_EOPHYS ICAL

I. Magnetic Field

2. High Energy Particles

Fluxgate Magnetometer

Search Coil Mag.

Geiger Counter

Scintillation Counter

3. Plasma Ion Probe

4. Solar U-V in Schumann

Region

5. Ionosphere Trans-
mission

Photon Counter

Transmitter

6. Cosmic Rays

7. Micrometeorites

Sm_F_E _,SURm_NTS

C-R Telescope

Microphone

I. Seismic Seismometer

Active

Passive

2. Bore Hole Drill, Shaped Charge

3. Bore Hole Survey

Soun_ Speed

Temperature

Thermal Diffusivity

Density

Hardness

Magnetic Susceptibility

Electrical Resistivity

4. Chemical Analysis

Neutron Activation

Neutron Inelastic

Scattering

Neutron Source,

Accelerator and

Scintillation

Spectrometer

Spectroscopy

Radioactivity

Gas Chromatography

X-Ray Diffractometer

Mass Spectrometer

Absorption Spectrograph

Scintillation Spectrometer

5

I

0.i

3

0.5

0.5

5

3-6

20

150

50

i0

i00

200

I00

30

2OO

5O

i000

2

<0.i

0.I

I

5-10

Position

Position

Altitude

Altitude

Altitude

Velocity

Orientation

Penetration, Orientation
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4.5 MISSIONS

There are two basic types of capsule missions and both seem feasible

for Mariner-B. An impacting capsule making a relatively hard landing can

be employed for a parachute deployed to slow down the descending capsule and

provide a soft landing. These missions differ in that they may place

constraints on the type and accuracy of an experiment, or seriously affect

data transmission.

Experience with the Ranger and Surveyor programs will be exceedingly

valuable and will no doubt determine to a large extent the planetary investi-

gations. In Table 4.5 the experiments previously described are arranged in

accordance with the impacting or landing concepts in a rather arbitrary manner

based mainly on the feasibility of making the measurements at high velocity.

Specific instruments such as selsmometers ere suitable for a landing at

relatively high velocity while more sophisticated devices for determining

surface properties will almost certainly require soft landing. For atmospheric

measurements low velocities are desirable because of slow response times of

the instrummnts and the sdvanteBes of making a fairly large number of measure-

manta as • function of altitude. There may be in addition transmission

difficulties due to the short times available. In many cases recording and

retrenamission after landing umy be necessary. The geophysical measurements

are nearly all presently accomplished st high velocity and except for high

data rates are adaptable to an impacting payload carrier.

With the exception of the Vidicon Camera and Life Detection experi-

ments no specific capsule designs are proposed. It is felt that an objective

choice is neither possible nor desirable at this time. As e practical matter

the selection of specific experiments will have to be made mainly on the basis

of aveilable space and weiEht as well es on data rate and bandwidth considerations.
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T_Lg 4.5

CAPSULE MISSIONS

IMPACT

Photo Reconnaissance

A_no sphere

Density

Pressure

Ionization

Dust

Mass

Ge ophy sIca 1

Magnetic Field

Radiation

Plasma

Solar U-V

lono spheric Tr anmniss ion

Cosmic Rays

Mic rometeorltes

LANDING

Life Detection

Atmosphere

Temperature

Prlssure

Ior_zation

Composition

Wind Velocity

Surface Measurements

Seismic

Bore Hole Surveys

Chemical Analysis

Activation

Chromotosraphy

Surface Measurements

Seismic

Chemical Analysis

Radioactivity

_. Spectroscopy



AERONUTRONIC DIVISION

lntra-Company Communication

SUBJECT: MARINER B ATMOSPHERIC MEASU_NTS November 15, 1961

FROM: Irving H. Bllfford TO: T. A. Bergstralh

3. E. Kemmerly

R. F. Nease

From both the scientific and practical standpoints it would be

highly desirable to obtain information regarding the atmosphere of Mars.

The problems of making such measurements are similar to those encountered

in conducting rocket-borne experiments on the earth. Therefore it should

be possible to use much the same instrumentation with relatively little

modification at least in principle. In such measurements the atmosphere

is assumed to obey the equation of state for an ideal gas,

R
Pop T .

With this equation and the barometric equation

g dh

if either the pressure, density, or temperature is known as a'function

of altitude this quantity is sufficient to allow calculations of the other

two. However, to derive the temperature a knowledge of the average molecular

weight is required. This latter can be estimated for the earth's atmosphere
but for any degree of certainty should be determined by independent

measurement for Mars. Unfortunately the direct measurement of temperature

is not simple and on the earth has been performed by using the relationship

between the speed of sound and the temperature. In this case grenades

are exploded at high altitude and the sound speed measured by ground stations.

This is not feasible on Mars at least within the restraints imposed

by the present Mariner B capsule. Of course if parachute deployment

is feaslblemeasurements of temperature and pressure in the lower atmosphere

, can be made with equipment similar to the balloon-sonde devices presently

used for synoptic meteorology. However the only case considered here

is that of entering without velocity reduction excepting that due to drag

in the atmosphere. Actually the problem of making the above measurements

is very similar to that encountered using high altitude rockets to study

the earth's'atmosphere.
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TABLE I

ROCKET METHODS FOR DETERMINING ATMOSPILERIC STRUCTURE

!

!

Basic _easurement

Pressure on side of

r6cket

Method of

Measurement

Pressure

gages

Pressure on nose

cone of rocket

Pressure

gages

Pressure at nose

tip of rocket

Pressure at nose tip

and on nose cone

Absorption of solar

X-rays in atmosphere

Partial densities of

atmospheric con-

stituents

Ratio of argon to

nitrogen

I

_Absorption of solar

ultraviolet light in
r

, atmospi*ere

Pressure modulations
on rolling rocket

PL'es3ur,_' <lodtJ} g_tJol_,_c j

: trajectory and
I missile attitude

Pressure

gages

Alphatrons

Pho ton

counters

RF mass

spectro-

meter

RF mass

spectro-
meter

Spectro-

graph

Pressure

gages

P Fd5 SUEt'

gages;

Magnetometer;

cameras;
radar

Theory

Ambient pressure ring

exists on flying

rocket

Taylor-Maccoll; Stone

Rayleigh pitot-tube
formula

Taylor-Maccoll; Stone;

Kopal

X-ray absorption
function of inter-

vening air mass

Sum of partial

densities equals

total density

Variation of A/N 2

gives measure of

diffusive separation

Solar ultraviolet

heats atmosphere

iModulation pro-
i

portional to

i density
7

I){ ,_pl accmlcm_ o f

relative wind gives

atmospheric wind

Final Atmospheric Quantities

Primary

Pressure

Pressure

Density

Secondary

Density

Temperature

Density

Temperature

Pressure

Temperature

Temperature Pressure

Density

Air mass

Density

Density

Pressure

Temperature

Estimate of

mixing

i

Daily tem-

perature
variation ....

Density _!

,o

Wind

Altitude

Range

(km)

30-120

30-120

> 30

I

30-120

>95

Non-lnstru-

mental

Sources

of Error

Wind; yaw;

outgassing

Wind; yaw;

outgassing

Wing; yaw;

outgassing

Wind; out-

gassing

0utgassing

>95

20-70

> 30

Outgassing

Wind; yaw; !
: outgassing

730



In Table I a recent compilation of methods for determining
atmospheric structure is given. I On Mars the range of measurement will

be extended to considerably higher altitudes since above about I0 km

the Martian atmosphere is probably more dense than that of the earth.

However the estimates are subject to such large errors that it is

difficult to provide a picture of the structure versus altitude that

will allow very precise instrument design. Perhaps the best that can be

done under the circumstances is to plan to use the more or less standard

rocket devices and record pressure and density as a function of altitude.

It should be noted at this point that independent measures of the altitude,

roll rate and aspect are highly desirable but will not be discussed here

since they are more properly part of the vehicle instrumentation.

It will be noted also that generally the minimum altitude of

measurement is indicated as 20-30 km which, according to best available

estimates may be from 0-50 km on Mars. Below these altitudes fairly crude

pressure sensors such as bellows type gauges can be employed. It is clear

also that an opening to the atmosphere must be provided although typical

sensors need not project beyond the capsule skin. A hole about a centimeter

in diameter is roughly what is required. A single instrument or perhaps

two gauges could be employed, such as a bellows gauge and Pirani vacuum

gauge or a composite device such as the Havens gauge which has an a-c output

and is sensitive over the range of 103-10 -3 nT, Hg. The lower limit of

vacuum pressures measureable in a rocket is controlled by outgassing of
the vehicle surface and in practice seems to be near i0 -_ nmn Hg. Although

after several months in space outgassing may not be serious in the present

case it is probably desirable to concentrate on the relatively low vacuum

conditions obtaining in the atmosphere near the planet. The above devices

can be small and light in weight and should not occupy more than a few

cubic inches and weigh roughly i-2 Ibs including circuitry. Since there

will be about 5 minutes available after reentry (-_ 200,000 ft) to the

surface the data sampling rate does not have to be high. Data every

i0,000 ft would be sufficient from the scientific standpoint but in practice

it is of course desirable to take as nearly continuous a set of readings

as possible.

Atmospheric composition can be studied best using the mass

spectrometer. It is sueful only at altitudes where the mean free path in the

gas becomes comparable to the dimensions of the tube and on earth this is

above about i00,000 ft. On Mars then measurements could be taken only

above 200-300,000 ft and therefore before reentry. This may lead to

difficulties because of the high velocity since pumping effects are observed

which alter the relative ion concentrations. However qualitative informa-

tion about the masses of the atmospheric constituents at least should be

obtainable. On the other hand the device is relatively complex and a typical

i
Ratcliffe, 'Thysics of the Upper Atmosphere", Academic Press, 1960.
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unit 2 weighs about 40 ib and requires about 1.4 ft 3. Power consumption

is also fairly high with the above system employing 15 telemetry channels.

The instrument which has been used widely is the Bennett r-f mass

spectrometer. This instrument employs a series of charged grids in place

of the usual magnet for deflection of the ions. It is understood however

that recent progress has been made in the design of magnetic instruments

and that the weight factor is not significant although there are advantages

in the form of reduced complexity and increased reliability. In any event

this instrument should give the molecular composition of the high atmosphere

from which the chemical composition can be deduced.

In actual practice contamination by the vehicle is a problem

and some what elaborate precautions are observed. These include evacuation

of the instrument, break-off seals which are actuated at the time of measure-

_ment, and _ositive rocket motor shut-offs to eliminate the exhaust gases,

In accordance with our recent discussions the following brief

discussions of magnetic and radiation detectors is included.

Magnetic Instrumentation

Because of its simplicity a magnetometer could be a considered for

the capsule. Because the field of a dipole decreases with the radius cubed

it is perhaps most reasonable to think of this measurement as a bus

experiment. However there is no question but that additional information

particularly if the field is weak, can be obtained right down to the surface.

The device itself is exceedingly simple 3 and consists of a coil of fine

wire wound on a high permeability core. The coll is fixed with respect

to the rocket and is connected to a high gain amplifier. The rotation of

the vehicle provides a voltage proportional to the field strength

modulated of course at a few cps. The output can be sampled at a fairly

low rate because of the expected slow change in field strength, probably

even for the case of sizeable local anomalies at the surface. Such a

rotating toll magnetometer would weigh less than i Ib including batteries.

The sensitivity can be of the order of 10 -5 gauss or about as low as

feasible for a rocket-borne device. Of course the interplanetary field

is of intense interest which will no doubt make this experiment a serious

candidate for the bus. Local fields generated by the vehicle are generally

static and experience with Pioneer V showed that these fields were unimportant.

Of course this measurement requires that the surrounding shell be non-magnetic.

Townsend, RSI, 2__3538 (1952).

Sannett, J. Geophys. Res. 65 55 (1960).
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Van Allen Radiation

If Mars has a magnetic field of sufficient strength, belts of

charged particles may encircle the planet in an analogous manner to the

Van Allen belts surrounding the earth. In any case a simple radiation

detector similar to the one used by Van Allen in early satellite and

rocket experiments would not be difficult to install. In view of its

simplicity and the largely unknown character of the phenomena to be

encountered it is also a good candidate for the bus instrumentation.

Whether there is some advantage to having it within the capsule is some-

what problematic. Basically the device would employ one or perhaps two

small halogen-quenched Gelger counters as sensors. No access to the

exterior of the vehlele is required although a minimum of dense material

Irmmedlately surrounding the detectors is desirable. Additional circuitry

required is a high voltage (_ 700 volts) supply and counting (scaling)

circuits capable of handling _50,000 random impulses per second. The

sampling rate need not be high since the counting rates should not change

rapidly with altitude. This experiment at least In theory, should provide

some measurement of the natural radioactivity of the body of the planet.

Again the variation with altitude is relatively small and a fly-by

trajectory may be the best method of making the measurement.

The weightpspace and power requirements are minimal and the

instrumentation can be designed to weigh less than a pound. A volume
of say 50 in3 should contain the detectors and electronics. As in

the case of the magnetic measurements the extension of the experiment

to interplanetary space is of interest and provides an additional reason

for incorporating it into the bus payload.
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APPENDIX H

CAPSULE _STRUCTURE; WEIGHT, POWER,

AND PROPULSION REOUIREMENTS

_._-

_}_;

,x I ._



AD-017

AERONUTRONIC DIVISION

Intra-Company Communication October 17, 1961

SUBJECT:

FROM: T. Wo Neumann

EXT: 1686

REFERENCE: Memorandum AD 014

October 9, 1961

MARINER B CAPSULE STUDY CAPSULE ENVELOPE

TO: J. Arsenault

T. Bergstrahl
M. Boobar

M. Caldwell

R. Foster

J. Hanrahan

V. Henderson

J. Jansen

S. Lampert

F. Losee

G. Miczalka

|. Onstead

D. Rodrlquez

R. Auelmann

I. Bllfford

P. Bower

E. Durand

A. Gammal

K. Harder

J. Housego

Jo Kemmerly
W. Lemm

R. Morrow

R. Nagorski
J. Oslake

L. Stimpson

In referenced memorandum, values of m/C_A = 1.0 and C_ = 1.0 were assumed in order

to select a capsule envelope for preliminary Uevaluation. Subsequent investigation

on the sphere cone selected has shown that average drag coefficients of .4 are more

accurate than the 1.0 value selected. Using a drag coefficient of .4 and the original

proportions, produced a capsule of prohibitive size. As a result, some investigation

was made into various capsule shapes using the following constraints:

1 Drag coefficient to be _ large as possible.

6 Nose radius of sufficient size to allow packaging of equipment for maximum

static -mrgin.

6 Nose shape such that heat shield weights did not become prohibitive.

The envelope selected, and some aerodynamic data are presented in NASA TMX-507 entitled

"Free Flight Measurements of Drag and Static Stab_llty for a Blunt Nosed I0° Half

Angle Cone at Mach Number of 15.0". The'proportions of the envelope are shown below:

d '

+44d
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October 17, 1961

AD-017

Page 2

The average drag coefficient for this envelope was conservatively estimated to be

CD = .65 thus:

m 7.77

C_A" I.0_.6-g_-

A © 11.85 ft

The base diameter (d) was calculated from:

d= 2V_ _

d = 3.880 ft = 46.6 in.

• "Use base diameter of 47.0 inches

The outline shape of the proposed capsule is shown below.

-- _5 _I
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AD - 018

AERONUTRONIC DIVISION

Intra-Company Communication October 25, 1961

SUBJECT:

TO:

FROM:

REFERENCE:

MARINER B CAPSULE DESIGN

T. W. Neumann

M. Caldwell

COPIES TO: J. Housego

J. Kemmerley

I. J. Housego Memorandum "Mariner B Capsule Study" dated

27 September 1961

2. Memorandum AD-017 "Mariner Capsule Envelope Study" dated

17 October 1961

An inboard profile drawing of one configuration of Mars entry vehicle is shown ln

Figure I. The primary mission of the configuration shown is to photograph the

surface of Mars and transmit the data to the flyby spacecraft. A secondary function

of this configuration is to perform engineering and scientific experiments of interest.

The nature of these experiments are dependent upon the slze, weight and operational

complexity of equipment required to accomplish them. This mission profile corresponds to

Capsule Type I as outlined in Reference i. The majority of effort expended during this

study has been directed toward accomplishment of the primary function of the mission.

Data received from Irving Blifford in his memo "Mariner B Capsule Study", dated

18 October 1961 indicated tha_ the sizes and weights of equipment required to perform

the desired secondary experiments were small. Any follow on effort should be directed

toward refining capsule weights in order to include as many of the secondary experiments

as possible.

Time has not permitted more than a cursory investigation of Capsule Type II (Mars

Impact Vehicle) as outlined in Reference I. However the differences between the

capsule required for an impact mission and the capsule delineated in this memorandum

will be covered in a separate memorandum.

The external envelope of the capsule shown in Figure 1 is described in Reference 2.

The size and shape of the capsule were based upon the concept that proper selection

of body envelope could produce aerodynamic properties which favorably influence the

entire mission profile. For instance, the drag coefficient and base area of the

envelope shown in Reference 2 was chosen so that the time between capsule velocity

of Mach 1.0 and ground impact is sufficient for recording and transmitting all

photographic data without the use of a secondary deceleration system. The shape also

provided useful volume well forward in the capsule. The heavier equipment was placed

in the nose of the capsule and the resultant center of gravity location provided a

subsonic static stability margin of approximately 7% (supersonically considerably more).

-3-
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The cameras are mounted inside of the heat shield and their lenses are not uncovered

until the capsule has decelerated to less than Mach 2. In the configuration shown, a

spring loaded plug in the heat shield is released and ejected, thus exposing the

camera lenses. Other methods of exposing the lenses are certainly feasible, and should

be carefully evaluated. For this study however, it was felt that the method used

offered the advantage of simplicity andoperatlonal reliability over other methods.

The equipment components are located and identified in Figure i. Without careful

design the equipment could be exposed to rather high temperatures during the entry

phase of the mission. However, conductive heating from the shield can be minimized

by careful selection of materials for the structural components. Radiative heating

can be controlled by suitable radiation shield insulation and by proper selection of

manufacturing techniques and materials. The radial location of the equipment can be

adjusted as required to provide the most ideal balance of pitch and roll moments of
inertia.

The nature and function of the major structural components can be described as
follows:

I. A cylindrical column supports the heat shield and mounts to the

equipment disk. Its major function is to transmit loads from the

equipment deck into the heat shield during capsule ejection and

entry.

. A circular disk is used to mount all equipment and experimental components.

It is used to transmit all component inertia loads into the heat shield

support column or the mounting cone. It serves also as a load transfer

member for transverse loads on the heat shield .

. A stiffened cone extends from the equipment disk to the aft and outer

periphery of the capsule. It is used to transfer all capsule loads to

the spacecraft during boost and guidance phases. It also transfers

capsule spln loads to the equipment disk and heat shield.

A su_mary of the major components, their weight and mass, center of gravity location,

and moment of inertia properites is shown in Table I. The dimensional nomenclature

used in Table I is explained below. _ X_ -4_

Xb -" \,,

/



TABLE I

MARS ENTRY CAPSULE MASS PROPERTIES

AD - 018

10/25/61

ITEM WEIGHT X
a

Heat Shield Nose

Heat Shield Body

Aft Closure &

Antenna

Support Structure

Color Cameras

TV Synchronizer

TV Encoder

TV Transmitter

Power Amplifier

Quadrul_xer

Telemetry

Transmitter

Te leme try

Encoder

Te leme try

Synchronizer

Radar Altimeter

Programmer

Power Supply

Retro Rocket Case

Miscellaneous

81.2

59.8

5.0

5.0

24.0

2.0

6.0

6.0

17.7

4.0

1.3

2.0

2.0

15.0

2.0

30.0

14.0

2.0

279.0

Mass - 8.68 slugs

X = 6211
cg 27-'--'_"= 22.3 in.

28.00

I0.25

5.00

18. O0

30.00

24. O0

26.40

25.40

24.80

19.00

25.20

24.40

26.40

27.00

24.40

28.00

13.60

0.0

m

_,_.Xa

2270

613

25

9O

720

48

158

152

439

76

33

49

53

_05

49

34O

191

m

6211

X b

5.70

-12.05

-17.30

- 4.30

7.70

1.70

4.10

3.10

2.50

- 3.30

2.90

2.10

4. I0

I 4.70

2.10

- 70

-22.30

-5-

r Tr rr2
a •

o !o
0 0

0 0

0 0

0 0

11.8 279

5.C 150

7.4 329

I0.0 1770

14.0 784

14.0 255

11.2 251

11.2 251

9.2 1270

8.8 154

7.4/li36

0.0

0.0

7129

JSG

6.98

6.08

--Qm

,mwo_

m.o

owo

.wm

13.04



o

-cg = 42?.

Ip " _WX b2/g +_CG

= 18077 + 6.38 = 3.89 + 6.38

(144) (32.2)

2
Ip " 10.27 slug-it

Jr = _WraZ/g + _Jcc

= 7129

(144) (32.2)

+ 13.04 = 1.53 + 13.04

Jr - 14.57 slug-it 2

Th4 values shown in Table I above represent the mass configuration of the

capsule at the completion of retro rocket ignition. Values of interest

for the capsule as mounted on the flyby spacecraft are as follows:

Weight = 299.0 pounds

Mass = 9.29 slugs

X = 21.6 inches
cg

- 44

Ip - I0.57 slug-it 2
2

JR = 14.60 slug-it
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AERONUTRONIC DIVISION

Intra-Company Communication October 26, 1961

SUBJECT: MARINER B CAPSULE STUDY - MARS IMPACT CONFIGURATION

(CAPSULE TYPE II)

TO: T. Neumann

FROM: M. Caldwell_

EXT: 1669

COPIES: J. Housego

J. Kemmerley

REF: i.

.

AL 126 "Preliminary Parachute Requirements for the

Mariner Capsule" dated 22 August 1961

AL 127 "Preliminary Impact Limiter Requirements for

the Mariner Capsule" dated 23 August 1961

Primary effort has been directed toward a preliminary configuration of Capsule

Type I, which has a mission of Mars surface photography and pre-impact

experimentation. Even though little thought has been given to an impact vehicle,

some general consideration of design philosophy is in order at this time.

Dissipatinn and/or absorption of the impact energy requires the incorporation

of some type of impact cushion. An alternative to absorbing the energy on impact

is to decelerate the capsule, in the Mars atmosphere, to a velocity that almost

negates the impact forces. A thorough study of the parameters involved should

be made before firm configurations are established. Studies made in conjunction

with the Ranger Program for a lunar impact vehicle have indicated that end grain
balsa wood provides a most ideal absorber.

Preliminary calculations on an impact capsule identical in shape to the Capsule

Type I indicated that the drag produced by the entry body alone did not decelerate

the mass to an acceptable level for impact absorption. Reference I indicated

that balloon deceleration devices were efficient and stable, and that impact

velocities of the order of 50 fps were easily achieved.

Preliminary calculations outlined in Reference 2 indicated that if a secondary

deceleration device was employed and an impact velocity of 50 fps attained,

end grain balsa in thickness of the order of 3 inches provided adequate impact
protection.

The equipment to be included in this mission has not been selected. However, the

variations in impact angle, horizontal velocity component, and terrain that may

occur will probably require the use of some type of erection device subsequent to

impact. A large diameter thin disk offers the advantage of passive once it has

been ejected from the impact wreckage. The use of a decelerating balloon or

parachute reduces the requirement for forward placement of equipment since lower



Mariner B. Capsule Study -2- October 26, 1961
_ 021

static stability margins can be tolerated.

The functional requirements for separation from the flyby spacecraft, spin-

up, retro thrust, de-spin, and _rs atmosphere entry remain the same as for

Capsule Type I. The configuration of the two capsules, however, may differ

widely. The cursory data outlined in this memorandum has been considered in

the very preliminary capsule configuration shown in the inboard profile of

Figure I.

-9- 7
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AERONUTRONIC DIVISION

Intra-Company Communication

To .o D is tr ibu tion

From: W.T. Lemm

Subj ec t :

AL-161

ii December 1961

AL-144, "Mariner B - Capsule Propulsion System Requirements",

10/24/61

177 A

Listerd below are revisions to the subject memorandum.

i. Item 4, page 2 should read

"It will be assumed that motor hardware can be developed

in which the hardware will not exceed 15 percent of the

total propulsion system weight. On this basis the hard-

• o15
ware will weigh 4.5 pounds (31_54 x --_)." The previous

estimate, 3.02 pounds, is overly optimistic.

2. Item 6, page 3, correct the given burn time to read i0 seconds.

WTL:clm

/v
W. T. Lenin

Distribution

R. R. Auelmann

I. F. Blifford

P. B. Bower

D. M. Conrad

R. Mo Foster

K. C. Harder

V. H. Henderson

J. A. Jansen

S. Lamper t
G. R. Miczaika

R. Fo Nease

J. J o Oslake

Wo H. Schilling
/

T. Ao Bergstrahl

M. Go Boobar

M. Caldwell

F. G. Denison

A. A. Gammas

W. W. Hawley

J. Housego

J. E o Kemmerly

F. A. Losee

R.P. Nagor ski

T. W. Neumann

D. Rodr iquez

D. _timpson
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AERONUTRONIC DIVISION

Intra-Company Communication

To :

Fr om •

Subject:

AL_I44

24 October 1961

J. E_ Kemmerly

W. T. Lemm

MARINER B - CAPSULE PROPULSION SYSTEM REQUIREMENTS

A_ The following determines the amount of rocket propellant required to

produce a 300 pound capsule velocity change of 300 to i000 feet per

second. Ref: Rocket Propulsion Elements - G. Po Sutton

I. The instantaneous mass m of the capsule can be expressed as a func-

tion of the initial mass m of capsule (including propulsion fuel)
O

and the instantaneous time to

m

m = m - -j_ t : m = initial propellant mass
o t p

P t = propellant burning time
P

177A

m

m = m (I - -_ t__ ) _ W = initial capsule weight
o m t o

o p W = final vehicle weight
e

W -W

=m (i-_ tl-- _ = o eo L w
p e

W m
o o=m (i -it ) o =__=

o _ t W m -mp e o p

2o Since there will be no gravitational or aerodynamic drag, the equa-

tion of motion for the capsule may be written

dv

dt

P

P

c = effective gas velocity

-12-



AL-144

10/24/61

Page 2

Integrating: The cut off velocityat the end of burning becomes

#.

v -- -c_ (1 -#) + v :
p _ o

v = initial velocity
o

assumed to be 0.

mv = cln o = clu c = average effective gas velocity
p m -m

o p

m

= glspl n o -- glsPeffVp C =mo -P

3. Determining the propellant weight m
P

In

m
o v

m

m -m glo p sp

v(max) = I000 ft/sec

I = 280 sec
sp

Hercules propellant

i000

32.2 x 280
= .iii

V

m glsp
o = C

m -m

o p

m = I. I175 m
O O

= 6 "111= 1.1175

1o1175 m m = 300 ibs
p o

1175
m = " m = 31.543 Ibs
p 1.1175 o

e Estimating the weight of propulsion hardware:

The Ranger retro-propulsion system criteria indicates that 8-3/4%

of the total propulsion system is hardware°

8.75

Therefore, the hardware weight is 3.02 Ibs _ 31.54 x 91.25

-13-



AL-144

10/24/61

Page 3

r_

5. It is suggested the total weight of the propulsion systems required

to produce capsule velocities ranging from 300 ft/sec to i000 ft/sec

are of interest. The attached Figure I illustrates this variation

for a solid propellant having an I of 280 seconds.
sp

6. Estimating the size of the propellant grain:

Given: Burning time = _0 seconds

W (wt. of propellant) = 31.5 ibs.
P

I specific impulse = 280 sec
sp

r b (burning rate) = .61 i_ch per sec

p (density) = 0.064 ibs/in 3

W

The thrust F (Ibs) = P

xl
sp = 31.5 x 280

tb I0

= 88O

Bo

say _ 900 ibs

Grain length L (inches) = r b x tb = 0.61 x 20 = 12.2 inches

W

Area of burning = P =

L_b

Grain diam. = 7.16 inches

3
31.5 Ibs in

12.2 inch _ 0.064 Ibs.

40.3 square inches

The following considerations determine the amount of propellant required

for capsule spin stabilization.

Given: Capsule weight = 300 ibs.

Spin velocity = 300 RPM _ 31.42 rad/sec

i. Since spin up is to be accomplished in I second

= 31.42 rad/sec 2

2. Capsule polar moment of inertia (given) = 15 slug ft 2

3. The torque required

Ib 2 ft 2 x 31.42 rad/sec 2
M = I_ = 15 _-_ sec

= 472 f t lb

= 5.68 x 103 inch ib

-14-





AL-144
10/24/61
Page 5

.

5.

The thrust F acting at 48 inches to produce this torque is 118 Ibs.

For a propellant having I = 200 sec, the required propellant weight
sp

W = --F = __118 = .59 ibs/sec
I 200
sp

say 0.6 lb. of propellant

WTL:clm

Dis tr ibu tion

R. R. Auelmann

T. A. Bergstrahl

I. F. Blifford

M. G. Boobar

P. Bo Bower

M. Caldwell

D. Mo Conrad

F. G. Denison

E. Durand

R. M. Foster

A. A. Gammas

Ko C. Harder

W. W. Hawley

V. H. Henderson

J. Housego

Jo A. Jansen

S. Lampert

F. A. Losee

G. R. Miczaika

R. Po Nagorski

R. F. Nease

T. W. Neumann

J. J. Oslake

D. Rodriquez

Wo H. Schilling

I. F. Sobczak

D. Stimpson

W. T. Lemm
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I

AERONUTRONIC DIVISION

Intra-Company Communication

SUBJECT: MARINER B CAPSULE STUDY

SPACE ENVIRONMENT

October 5, 1961

FROM: Irving H. Blifford TO: Distribution

Unless the capsule is protected by the carrier vehicle structure,

it will be subjected to space environmental conditions during flight and in

the case of the landed capsule, to those on the'surface of Mars. The

principal effect will almost certainly be due to the solar radiation received.

The solar energy flux at the Earth's mean distance from the sun (i A.U.)

is approximately 440 BTU/hr-ft 2 _ 2%. At Mars the flux would be reduced to

440 = 190 BTU hr -1 ft -2 .

(1.52) 2

The solar radiation approximates that of a 6,000°K blackbody except in the

region of the ultraviolet below 2500 _. The intensity in this latter region

is strongly dependent on solar disturbances but contributes little to the

total radiation flux. However the radiation is relatively energetic and

may affect the surface or mechanical properties of sensitive materials. The

variation in the solar energy flux (taken from de Vaucouleurs) is illustrated

in the accompanying figure. In calculating the surface flux account has

been taken of scattering and absorption in the atmosphere.

' In space the principal effect of the solar radiation will be that to

capsule interior, assuming again that it will be unprotected by the bus

vehicle. The heating will be controlled by the amount of thermal radiation

absorbed and reflected by the outer shell as well as the thermal conduction

from inside to outside. For calculation of the effects however it will be

necessary to have knowledge of the materials of construction, their

properties and the geometrical configuration.

The reflectivity and absorptivity of material is quite dependent

on the surface properties. The latter may be altered by high energy solar

radiations and especially by micrometeorite bombardment.

According to an analysis of micrometeorite impacts by Singer

(Phys. & Med. of the Atmos. & Space, Wiley, 1960) the erosion of the vehicle

skin will be of the order of I0 u5 cm per year. Since this is only about

-i-



1,000 _ and less than the wavelength of the average solar flux, little

change in the reflectivity is likely over the much shorter time of the Earth

to Mars flight. A summary of the effects of various space environment

parameters is given in Table I which is taken from Aeronutronic Report No.

U-910, Contract Nr AF 33(616)-6641, May 1960.

Distribution:

R. Auelman

T. Bergstralh

M. Boobar

P. Bower

M. Caldwell

E. Durand

R. Foster

A. Gammal

K. Harder

V. Henderson

J. Houaego

J. Kemmerly

S. Lampert

F. Losee

T. Neumann

J. Oslake

D. Rodrlquez

L. Stimpson
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AERONUTRONIC DIVISION

lntra-Company Communication

SUBJECT: MARINER-B CAPSULE STUDY

MARS PHYSICAL CHARACTERISTICS

October 23, 1961

FROM: Irving H. Blifford TO: Distribution

Surface and Climate

All of the information regarding Mars' surface has been obtained

from telescopic observation. Since the resolution is about 300-400 km

even under the most favorable conditions, little can be said about surface

conditions on a scale that seems very useful for landing operations.

Measurements made spectroscopically or photometrically however have provided

a certain body of information from which it is possible to draw a few

conclusions.

For example, the slope of the photometric curve is much flatter

for Mars than for the Moon and is taken as evidence that Mars is relatively

level. Since it is assumed that meteorite bombardment of the surface would

produce features similar to the lunar craters, some erosion may have taken

place.

In general, the planet Mars appears to be a neutral gray with traces

of brown and perhaps green. Earlier reports of clearly defined green areas

are no longer accepted. Seasonal effects are observed, the most clearly

defined being the formation of polar caps and their subsequent disappearance

with approaching spring and summer. Polarization measurements indicate that

the polar caps are deposits of frost formed under reduced atmospheric

pressure. Bright white spots which appear in the polar regions appear to

be clouds, about I00 km in diameter, of ice crystals. Some of the smaller

ones remain in place for several days which may indicate mountains or hills

in these regions.

Dark markings particularly surrounding the polar caps which change

in a regular planet-wlde w_y with the seasons are also observed. The

polarization measurements do not agree with the hypothesis that contrast

changes are due to an evaporating ice crystal layer. Actually the

observations are consistent with the assumption that opaque granules

representing life forms are the cause of the seasonal growth of these

dark fringes.

Characteristic rectilinear markings which under high resolution

can he broken up into complex detail are observed. These bands are believed

to be related to the Martian geology but present opinion seems to discount

former observations of geometric patterns (canals).
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Yellow clouds (yellow veil) are observed at lower levels than

the white clouds and are believed to be composed of dust particles 2 to 5

microns in diameter. Polarization measurements indicate that this dust is

highly absorbing and may consist of carbon particles.

Besides the yellow and white clouds, blue clouds are observed.

The normal condition on Mars seems to be one in which a thin blue layer

of transparent microscopic particles, but nothing else is present. These

clouds appear at the morning and evening edge of the planet, disappear at

noon, and reappear at sunset.

The above phenomena can provide only hints as to the surface features

although there seems to be an unknown degree fine structure on a scale of

about i00 km.

In summary, one is left with a vague picture of a rather flat and

monotonous landscape similar to terrestrial mountain plateaus. Some haze

is usually present, li_t clouds appear in the morning and evenlng_ and

occasional dust storms sweep the surface. In winter the northern and

southern regions are covered by a thin layer of ice crystals which gradually

disappear with the coming of smmner. At the edge of the receding front

layer, a low dark form of vegetation replaces the ice. Some opinion has

been offered to the effect that this process leads to the production of a

certain amount of dust.

The climate of Mars is appreciably more severe than that of the

earth with temperature variations at the surface from I0° to 20°C in

tropical latitudes in summer and from -80 to -100°C at the poles in winter.

There have been suggestions also that strong convection occurs as a result of

large diurnal variations in surface temperature. All in all, a picture emerges

of a rather severe climatic regime with conditions at the surface quite

similar to those of the terrestrial stratosphere.

Atmosphere of Mars

The atmosphere of Mars is of great scientific interest not only

because something is known of it from telescopic observations but the

meteorology is in fact simpler and easier to understand than that of the

earth. The water vapor content is low and consequently the thermodynamic

problems are more tractable. Likewise there are no large bodies of water or

high mountains to modify circulation patterns. Therefore Just as the moon

is interesting because of its less complicated geology, the study of the

meteorology of Mars can provide a model of terrestrial atmospheric processes

that will lead to a better understanding of those on the earth.

Perhaps the practical problems of entry into the Martian

atmosphere by probe vehicles, instrument operation and communications offer

even more incentive to have as much quantitative information as possible.

Heat shielding and even electronics o_eratlon under reduced atmospheric

pressure requires more or less exact knowledge of composition and the state

variables. The electrical condition of the atmosphere and propagation of
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electromagnetlc radiation through a possible ionosphere is obviously of great

importance. The existence of a magnetic fleld and certain photochemlcal

effects of course are central to this question,

The total mass of the Martian atmosphere has been determined by

several methods. The most recent and probably best are those of Dollfuss

and were obtained from polarlmetrlc studies. He gives 250 _ I00 8m cm-2 or

the equivalent of about 94 mh for the surface pressure. The temperature of

the atmosphere near the surface has been measured telescopically and also

derived theoretically from radiation balance considerations to be about 230°K.

In regard to composition| the only gas that has been positively -2
identified is CO 2 which is present in about 2 percent by volume or 7.5 gm cm

Water vapor may he present but is belleved to be less than about 10 -2 8m cm "2.

Spectroscopic evidence obtained from measurement of line shapes in the

search for Doppler shifted components gives the 02 content as less than 4

gm cm-2. The bulk of the atmosphere is assumed to be nitrogen. The reasoning

is partly by analogy to the atmosphere of the earth and partly from chemical

considerations which indicate that the only inert gas that seems reasonable

to postulate is nitrogen. A small amount of argon (3-13 gm cm "2) is probably

present if the abundance of potassium is the same on Mars as on the earth.

The above composition would result in a mean molecular weight of 28.4 from

which can be derived a dry adiabatic lapse rate of -3.8 deg km "I.

While the change in the pressure, temperature and density with

altitude is exceedingly important, these quantities are difficult to determine.

There are no measurements available from which stratospheric temperatures

can be estimated and therefore the existence of a tropopause can only be

conjectured. There.are, however, several ways in which a model of the

atmosphere can be formulated based on the principles of dynamic meteorology.

Convective equilibrium can be assumed to obtain with essentially adiabatic

conditions, which results in a maximum tropopausa height of about 70 km.

Another model has been formulated in which isothermal equilibrium is assumed

above the tropopause. Addltlonal models can be constructed based on

absorption of solar radiation by atmospheric gases such as 03 and CO 2 as

is known tO be the case on the earth. Estimates resulting from such

calculations are subject to relatively large errors which increase markedly

with height. For example the error in altitude at which the Mars pressure

is equal to that on the earth, varies from about 17-26 km at I0 km to

42;, 85 k_ at 80 km on Mars.

.... Appendix I is a tabulation of Basic Data on Mars which have been

abstracted from various sources. Appendix II contains a summary of information

relative to the atmosphere of Mars obtained from RAND report RM-2817-JPL
dated June 30, 1961.
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AERONUTRONIC DIVISION

IntraoCompany Communication

Mariner B. Capsule Study

SUBJECT: BASIC DATA ON MARS

(From 'Physics of the Planet Mars"

by G. deVaucouleurs - London 1954)

FROM: I. H. Bllfford TO: Distribution

September 26, 1961

Distance From Sun

Mean (1.5237 A.U.)

Aphelion (1.6658 A.U.)

Perihelion (1.3826 A.U.)

Distance From Earth

Perihelion opposition

Aphelion opposition

Aphelion conjunction

Orbital Velocity per Second

Mean

At aphelion

At perihelion

Escape velocity per second

Velocity at surface

Equatorial diameter

Miles

_41.5 x 106

154.1

128

34.8 x 106

61.5

340

14.98

13.64

16.45

3.13

2.21

4220

Km

228 x 106

248

206

56 x 106

99

547

24.11

21.95

26.37

5.04

3.56

6780
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Length of year (668.599 Mars days)

Eccentricity of orbit

Mean sidereal motion in 24 hours

Inclination of orbit to eccllptic

Inclination of Martian equator to its orbit

Length of day

686.979 Earth days

0.09336

1886.519"

1° 50' 59.8"

25 ° i0 '

24 h 37 m 22.668 s (sidereal)

24 h 39 m 35.247 s (solar)

Seasons

No. Hemisphere So. Hemisphere Mars day

Spring Fall 194.2

Summer Winter 176.8

Fall Spring 141.8

Winter Summer 155.8

Mass (earth ffiI)

Volume (earth = I)

Density (earth = I)

(water ffiI)

Surface area (earth - I)

Gravity at surface (earth = I)

Mean magnitude at opp.

Mean surface brightness

Visual abedo

0.108

0.151

0.710
3.91

0.278

0.38

-1.90 % 0.02

0.23 int. candle/cm 2

0.15
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Temperatures At Surface

Tropic Summer

Tropic Winter

Temperate Summer

Temperate Winter

Polar Summer

Polar Winter

Atmosphere

Altitude

(kin)

0

5

I0

15

2O

25

3O

Atmospheric Composlt.ion

Gas

N2

02

A

CO2

H20

Pressure

mb

85

64

48

36

27

20

15

Thickness

(m, NTP)

1800

<2

22

4.4

< 200 cm

Perihelion

+ lO°C

- 20

0

- 50

- i0

- 80

Vo 1ume

98.5

<0.I

1.2

0.25

z-0.15

Aphelion

+ 20°C

- I0

+ 20

- 30

+ i0

- i00

(inferred)

det. limit

inferred

spectroscopic

def. limit
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Atmospheric Compositlon --Continued

Th Ic kne ss

ca__as (m. roT)

CH 4 _ I0 cm

C2H 4 < 2 cm

C2H 6 _ I cm

NH 3 _- 2 cm

H2 0

He 0

03 low, if at all

Volume

....(_)

det. limit

det. limit

det. limit

det. limit

theoretical

theoretical

List of Oppolitions of Mars (1960 - 1975)

Nearest Distance

Yea_.__/._r Dat_..__e." To Earth

1960 12/29 56.2 x 106 miles

1963 2/3 61.8

1965 3/8 61.8

1967 4/13 56.2

1969 5/29 45.3

1971 8/6 34.6

1973 10/21 40.6

1975 12/13 53.1

Distribution:

R. Auelmann

T. Bergstralh

M. Caldwell

E. Durand

R. Foster

A. Gammal

J. Hanrahan

K. Harder

V. Henderson

J. Jansen

J. Kemmerly

8. Lampert

-il-

F. Losee

R. Morrow

G. Miezalka

R. Nasorski
T. Newmann

Largest

Apparent Diam.

15.4"

14.0

14.0

15.4

19.1

25.0

21.6

16.5



AERONLITRONIC DIVISION

Intra-Company Communication

SUBJECT: MARINER B CAPSULE STUDY

MARS ATMOSPHERE

October 2, 1961

FROM: I. H. Blifford TO: Distribution

From RAND report RM-2817-JPL, June 30, 1961, the following

information has been abstracted and is intended to form the basis for

a working model of the atmosphere for design purposes. It must be

recognized that the basic experimental information is meager and that

widely differing interpretations are possible depending on the method of

analysis. However for the present it is my opinion that {he following

values should be accepted.

_77
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Total mass/unit area (gm cm -2)

Surface acceleration (cm sec "2)

Surface pressure (gln cm "2)

(millibars)

Id_an temperature at surface (OK)

Lower

Limit

150

360

150

54

210

Average

250

375

250

94

230

Upper
Limit

350

390

350

136

260

Atmospheric Composition

CO2 (gin cm "2)

(meters NTP)

(Vol. %)

Argon (gin cm -2)

H20 (gm cm "2)

Oxygen (gin cm "2)

Mean molecular wt.

Dry adiabatic lapse rate (deg km "I)

Temperature of stratosphere above

tropopause (OK)

Surface density (gm cm "3)

3.9

20

0.7

3

I0"3

28.2

-3.43

130

7.5xlO "5

7.5

38

1.9

5xlO "3

28.4

-3.75

180

-4
1.4xlO

16.6

84

7.2

13

3.5xlO "2

44

29.9

-4.10

250

2.2xi0 "4
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gm M

MEAN STRATOSPHERIC SCALE HEIGHT

I
H m --

Upper Limit

(cm sec"2)

360 220

Average 375 160

Lower Limit 390 120

8.0x10 "2

I. ixlO "I

Hkm

18

12.5

SPECIFIC HEATS BASED ON CALCULATIONS WITH

N 2 (87-997.), CO 2 (1-77.) AND A (0-6_)

Ratio =

C02 = I

A=0

"/'= cp/cv 1.398

Specific heat at p fficonst, cp 1.035

CO 2 ffi 7

A ffi 6

i.402

0.97
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EXTREME RANGE OF EQUAL "PRESSURE ALTITUDES"
FOR EARTH AND MARS

Earth Aft. Pressure Mars Aft. (tun)

(kin) , mb Minimum (Mod III) * Maximum

I0 265 0 0 0

20 55.3 0 8 18

30 11.85 16 36 49

40 3.0 28.3 62.8 76.5

50 O. 879 37.8 89.4 I01

60 0.256 47.4 119 126

70 0.0602 58.8 152.4 154.6

80 0.0101 72.6 181 190

* Conjectural model assuming ozone U-V absorption similar to earth.

Distribution:

• R. Auelmann

T. Bergstralh

I. Blifford

M. Boobar

M. Caldwell

• E. Durand

R. Foster

-A. Gammal

K. Harder

,V. Henderson

J. Housego

,J. Jansen

.S. Lampert
F. Losee

C. Miczalka

R. Nagorskl

T. Neumann

P. Bower

J. Oslake

J. Kemmerly

-15-



AERONUTRONIC DIVISION

Intra-Company Communication

SUBJECT: MARINER B CAPSULE STUDY DATE: September 28, 1961

FROM: I. H. Bllfford TO: R. Auelmann

T. Bergstralh

M. Caldwell

R. Foster

A. Gammal

K. Harder

V. Henderson

J. Housego

J. Kemmerly

J. Jansen

S. Lampert
F. Losee

G. Miczalka

R. Nagorskl

T. Neumann

P. Bower

J. Oslake

E. Durand

The enclosed curves were obtained by John Housego at the JPL

meeting. They are abstracted from RAND Report RM-2817-JPL and do not seem to

be in disagreement with other estimates. After we obtain the report it may

be possible to determine some basis for choice among the several cases

presented, if this is required for purposes of design analysis.

_77
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TEt_PERATU,_E OF MARS ATMOSPHER, F_

ZOO

I

/80 i

160

-t.1
"-.N

t2.6

UJ

--- 100
F-
.-..3

- - 8o

_O

...... 7..0

C b

\
\

N
\

\

\
\

\

\

\
\

A _t70 _10 113

B qlO 32_.0 lC/d

b z+70 ZgO ]13
E dr0 _/0 /!_

il
i,

_"_ t-_c_. A

....i \ [ , \

.... - \\\ \\ E
.............................. _ ..... ; \\

\\ "_,
", \

\V \
\

......

&,% . 30G .

........ - ..... : ....................q-ZT-CI /L: I_i r,_NnT_2 _ r_ :_ "_UI F_E ! " _t_ ......................

i

-17-

_O0

)7



I

i, t-

2

t° _l_' _, "

,o!'"---.<
(..) .-.---4_ ........

6_q i-
s---7

,_ ....-- .....4 _...........
3_: . -i--::L_.....

LO i r

Ld ............ _ ! .....

-18-

7 O._ ! ....... _ .........

I:L__._ -- 77_i_-2Z; .......... : ........ i .... --_ -,-,- _ -_ _ ....._-r-_ r) ....F.............. ; _PE/V5 HZ.'_u____v_n:..__, ,, _d -_SPNERIE_:_:_I i__:/.LL-:_._ 7J

.... : ................... ;........................... C_._se.i......__:_.t_.._!_po 1o_ .( ....... ::.................
, i ................. i ............. -1...... ___A__ : __+70___0_ :_j/_3 ....... S_g_ ................................

I

_._, _ _ _!.. _ . B _ 1o 3zo /'_ q c/ . ,i .......................................... I

: ..... ! ..... -- .......... _---- C ,380 230_Z_z_ -/_6
,i ..... L ......

' D _- -zFT,O-Z3o Tl-13 ........ ,5',/ ........................

!-/"/_ ,_ . E ._ro elo} J'_6i ;'.,_

........ j .... _ U , I '" '" ;±= . ,'r.;'-,.-O-"
: s_,_=i,t,._i--o- _,e_-geE ---.s_ ar,_,r-o:.,,H-_e -- ', I

r ....... t"};-7 ............... q T ]

- -I _ I--_-_-i' A-" ......_---u'- >t-t/f,,'>_2-" ............ -"-- .............

7 I
..... l

i
1

I

: !

I

I .......... 1 ...........

t

] .

5.-----L

I
4_._.J.

I._

3..----....L

1

2]

, I

I

" i
.... 4

I

I

_-.%

C65e" __.......................

............... J

................ ]

.... . .......... [ ............... 1 ........................

I

,01 __ f "

,0o;

- :-:- ;.......... I

-d _

_-.-.--J ............ ,'7- ............

7__._ ........................... ,'-................ L ................ _L. .....

s.| ................................. t " 1.... e
................... [.............. 7. _

4 ____ ............ _.......... -- ....................... 4.

I

. I

....... : ............ I ............. i .......... :" "

I

1 1 I -- _

1 ,6-Z7-_1 ' " i i1 't } -1 ..... I .__ -- " I °r I

_o /oo Ls-o zoo y zso .300 _ _]
A LTITUD E f_.

....... N..___i

......... X [ ....i '-! ............ i

\.
I

\
\



AERONUTRONIC DIVISION

Intra-Company Communicati6n

SUBJECT: MARINER B CAPSULE STUDY

MARS CAPSULE TV

SURFACE BRIGHTNESS OF MARS

(From de Vaucoulers)

October 2, 1961

FROM: I. H. Blifford TO: Distrlbutlon

The solar illumination E at Mars distance D is given by

I
E = n

D2

where I is the solar intensity at 1.0 A.U. and D2 is the distance of Mars

to the Sun in A.U.

The brightness of a perfectly reflecting surface obeying Lambert's
law is then

E I
B _ w _ m

/7" 7rD 2

If i is the intensity of Mars at opposition _ad s its apparent semi-dlameter

the geometrical albedo K is (st zero phase)

i

Is2

and the mean surface brightness is

i
B =kB=

o 7rs 2 D2

Since Log i = -0.4 (Mm - Ms) where Mm = mean stellar magnitude of Mars
at opp.

-19-
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After correcting for units the relationship between the mean

magnitudes and the apparent angular diameter at opposition the following

relationship can be written

log BO - 0.4 (M s - M) + 2 [log (D-l) - log s_ - 4.497.

de Vaucouleurs gives the following values:

s _ 2.264 +- 0.002

M - -1.90 + 0.02
m

M = -14.32 + 0.02
S

x 10 -5 radlan

which when put into the above equation give

B = 0.23 _ 0.01 candle/cm 2

when corrected for absorption in the Martian atmosphere.

The mean albedo of Mars is about 0.15 but both bright and dark

areas are observed which differ from this value in reflecting power.

Fessenkoff's results (loc. cir.) for these areas are:

Wavelength Albdeo

X Dar__/k

0.430 0.094 0.087

0.560 0.188 0.175

0.630 0.233 0.165

0.730 0.268 0.162

Television Camera and Optics ..

For purposes of discussion the model HE-431A Missileborne Slow-

Scan TV camera manufactured by Hallamore Electronics Div., Siegler Corp.

will be used. This unit employs a 7290 Westinghouse Vidicon camera tube.
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Some of the characteristics of this system are:

Electrical:

Resolution

Gray shades

Video output

Total pwr

Frame rate

Target area

600-450 TV lines

8-10

1.4 V p-p

15 watts

_/2 cps
1/2" x 3/8"

Environmental:

Temp.

Rel. humidity

Pressure

Shock

Vlbrat ion

Acceleration

0-158°F

lOOZ

0.Olp- - 30 mm Hg
50 G

10G

I0 G

Physical:

Camera

Camera control

Total weight

8"L x 2 1/2" D

3"3/4" x 5" x 7"

6 lb.

The manufacturer gives typical light transfer characteristics which indicate

that an exposure of about 0.i foot candle sec will be required. The output

current is stated to remain approximately constant over the range of
exposure times of I0 m sac to 30 sec if the quantity of llght remains
constant.

The spectral response of the Westinghouse 729Q Slow Scan Vldicon

has a maximum at 4500 X and drops to 20% at about 5600 _. If this tube

is used it appears that little change in luminance will be experienced due

to the spectral and geographic variation of albedo.

It can be shown that the illumination E at the image plane of an

optical system of aperture f, looking at a surface of luminance L is

7TL
R =

4f 2

For the Vidlcon being considered a lens of aperture f 1.0 is easily
realisable and therefore the illumlnance at the tube will be

_T
z - (0.23)

= 0.18 cm candle

- 180 foot candles
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This will require an exposure tlme of only about I/I000 sec. Figures for

the exposure time for other apertures are given below:

f t (sec)

1 0.56 x i0 "3

2 2.2

4 8.8

8 35

16 140

It may be concluded that there is sufficient illumination to make

it possible to use a simple and light weight optical system. It is assumed that

extremely high resolution will not be required. The exposure times determined

above are realizable with mechanical shutters of the between the lens or

focal plane types. Spaulding (J. SMITE, Vol. 69, Jan 1960) describes an

optical system with an 8 in. F.L. and f number 1.35 for lunar photography.

However the estlmated weight of 20 ib compared to a few oz. for the standard

35 mm or movie camera lens suggested here is probably excessive.

_esolution

The ground resolution RG is given approximately by

RG = h/25 Lf R

where: h = height above ground in feet

Lf = focal length of lens in inches

R = resolution limit in lines per r_n.

For the altitude of parachute deployment of 55,000 feet the ground
resolution would be

55 x 103

RG _ 140 ft.= 25 x 16 --

for Lf = I" and R = 200 TV lines on a 0.5 inch frame = 16 lines per mm.
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For diffraction limited optics and relative aperture f =

limiting aperture is given by

-- the

Lf

R
f = -- _ I00

1500

for 16 /mm camera resolution. It may be concluded that there is little

fear of image degradation due to lens diffraction even for large f numbers.

In terrestrial high altitude photographs atmospheric turbulence

can be the principal limitation to the resolution. It is of interest to

see whether this may be a factor in the proposed system. The angular

deviation _ , due to terrestrial turbulent effects is often quoted as

approximately 1 sec of arc. The displacement d of the image at the Vidicon

tube face will be approximately

d = Lf tan

_Lf

--_J 5 x 10 -6 x 25

= 1.3 x I0"4 mm

or with 16 line/mm resolution a negligible amount. Of course this

conclusion cannot be supported by any measurements of the Martian atmosphere
and assumes that turbulence will be of the order of that on the Earth.

Number of Pictures

For a 200 line picture the number of bits will b_ about 1.2x105

using 8 gray levels and at a transmission capability of i0 bits/sec it will

require 120 sec to transmit one picture. At the estimated capsule fall

velocity of 50 ft/sec there will be about I000 sec available or approximately

8 pictures may be obtained. Of course the short exposure times previously

calculated indicate that at least several hundred pictures are feasible.

In this case however it would be necessary to use some form of storage

(memory core) on the capsule and to transmit the information after landing.


